Ballistic Missile Defense Organization

This report is dedicated to the memory of Mr. David R. Israel who suddenly passed
away on February 15, 1994. Mr. Israel, a 37 year employee of the Federal Govern-
ment, served as the BMDO Deputy Assistant General Manager for Theater Missile
Defense. Since the inception of this program three years ago, he worked tirelessly

to make theater missile defenses a reality. His enthusiasm and devotion remain an
inspiration to his colleagues.
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Strategy And Objectives

Chapter 1
Strategy And Objectives

1.0 Introduction

This year, the Annual Report to Congress consolidates into a single report a comprehensive dis-
cussion of the current program to develop ballistic missile defenses. The report specifically
responds to the currently relevant requirements specified by the National Defense Authorization
Act for 1990 and 1991 (Public Law 101-189) and the requirements imposed by Sections 235 and
236 of the FY 1994 National Defense A uthorization Act.

In response to the annual reporting requirements of Public Law 101-189 this integrated document
describes the overall Ballistic Missile Defense (BMD) strategy, describes the discrete programs
and projects included in the overall effort, addresses international participation in BMD research,
certifies compliance of planned development and testing program with existing arms control
agreements, and provides details of current and planned funding for BMD. The reporting require-
ments uniquely related to the earlier SDI program directed at a phased deployment of defenses to
counter a massive Soviet attack, although no longer germane, have been carefully considered in
developing the report, but are not specifically addressed. These provisions include Section 224
(b) (3), (4), (7), (9), and (10) of Public Law 101-189. The Theater Missile Defense (TMD) Master
Plan and the Limited Defense System (LDS) Development Plan chapters are structured to
describe the current deployment planning strategy and together with the Technology chapter
relate the ongoing research efforts to longer term deployment options.

Chapter 2 of the report is specifically structured to address Section 235 (b) of the FY 1994
National Defense Authorization Act, which requires a Theater Missile Defense Master Plan and
the TMD testing program as required by Section 235 (c). It also comprehensively describes the
current TMD program strategy, architecture, and planning requirements embodied in Public Law
101-189. TheArms Control Treaty compliance requirements statements required by Section 235
(d) are addressed in Chapter 6 of this report. Arms Control Treaty compliance reports for the
TMD systems and Brilliant Eyes have also been submitted under separate cover. In response to
the Section 235 (g) requirement for a “Review and Report on Deployment of Ballistic Missiles
Defenses’ a separate report on potential acquisition process streamlining opportunities for TMD
systems, as well as their application to future acquisitions of systems for National Missile
Defense, per Section 236 (b) (7), will be provided. Asrequired in Section 239, a complete discus-
sion of the Arrow tactical antimissile program developed jointly with the Government of Israel
has also been presented in a separate report to Congress.

Similarly, Chapter 3 while specifically responding to the requirements in Section 236 (b) of the
FY 1994 National Defense Authorization Act for a discussion of the development plan for alim-
ited defense system providing National protection against ballistic missiles (with the exception of
addressing acquisition streamlining per Section 236 (b) (7) as noted above), also addresses Public
Law 101-189 requirements. The impacts on testing and contractor technical support resulting
from the refocused BMD program, required by Section 236 (b) (8), are addressed in Chapter 5
regarding funding.
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1.1 Background

Although conceived at the height of Cold War tensions, the United States Ballistic Missile
Defense (BMD) is now structured to respond to the "here and now" theater missile defense threat
and an uncertain, but evolving threat to the United States. The current structure is founded upon
the President's endorsement of the 1993 Department of Defense "Bottom-Up" Review (BUR) and
the Missile Defense Act of 1991 (MDA), as subsequently amended in Fiscal Year (FY) 1993 and
1994 National Defense Authorization legislation. The BUR, the President's endorsement, and the
legidlation call for United States adherence to the 1972 Anti-Ballistic Missile (ABM) Treaty,
while emphasize the need for development of advanced theater missile defenses to meet the dan-
gerous and growing theater ballistic missile threat.

As amended, the MDA:

- establishes a goal of complying with the ABM Treaty while developing, and main-
taining the option to deploy a highly effective U.S. ABM system,;

- directs development of advanced theater defenses,

- urges negotiation of ABM Treaty amendments that would clarify the distinction
between theater and strategic missiles.

The FY 1993 National Defense Authorization Act established a Theater Missile Defense Initiative
office within the Department of Defense. Considering the synergies between BMD and TMD
technologies, the Secretary of Defense assigned the TMDI office to the Ballistic Missile Defense
Organization (BMDO).

1.2 Current Guidance

The Defense Planning Guidance for Fiscal Years 1995-1999, signed September 28, 1993 states
defense budgets will emphasize initiatives and strategies to meet four significant dangers that
have emerged since the end of the Cold War and the collapse of the Soviet Union: nuclear weap-
ons, other weapons of mass destruction, and the proliferation of these weapons and their delivery
vehicles, regional dangersto U.S. interests; dangers to democracy and reform in the former Soviet
Union and elsewhere; and economic dangers that threaten the prosperity of Americans. The BMD
program contributes to negating the first significant danger through the TMD program. TMD will
provide protection to American and alied deployed forces from theater ballistic missiles. Further,
the BMD program addresses the danger of proliferation by (a) supporting traditiona efforts (e.g.
nonproliferation) with a military capability to actively defend U.S., allied and friendly interests
from ballistic missile atacks and (b) enhancing deterrence, by providing capability to reduce the
benefits a potential aggressor might realize from the employment of weapons of mass destruction.

In October 1993, the Department of Defense published the results of a comprehensive Bottom-Up
Review of the nation's defense strategy, force structure, modernization, infrastructure, and foun-
dations. The underlying premise of this review was that in light of the end of the Cold War and the
dissolution of the Soviet Union, America's security needs had been fundamentally altered.

1-2
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To meet today's growing threat from theater ballistic missiles, the Department decided to empha-
size a core Theater Missile Defense (TMD) program plus an additional major acquisition. The
core program included Patriot Advanced Capability-3 (PAC-3), AEGIS/Standard Missile-2 Block
IVA (SM-2 BIk IVA), and the Theater High Altitude Area Defense (THAAD) system. The addi-
tional program was Sea Based Theater Wide Defense (formerly called Sea Based Upper Tier).
This is Option 2 in the Report on the Bottom-Up Review dated October 1993. These programs
were to be funded as magjor acquisitionsin FY 1995-1999. Subsequent to the Bottom-Up Review,
reductions in BMDO funding changed the Sea Based Theater Wide program from a major acqui-
sition in FY 1995-1999 to a candidate concept to be considered, along with Boost Phase Intercept
and Corps SAM, for a major acquisition new start in FY 1998. Since the announcement of the
BUR, the Department has removed $1.1 billion from the BUR estimate that $12 billion would be
needed in FY 1995-1999 to implement the TMD program.

Because there is a danger that along-range missile threat to the United States may emerge in the
future, the Department decided to conduct a technology readiness program for National Missile
Defense (NMD) that would devel op and maintain options for contingency deployment. The NMD
technology readiness program will require approximately $3 billion over the years FY 1995-1999.

Also, continued research of advanced BMD technol ogies along with continued support of an inte-
grated joint Service effort was determined to be prudent, and the Department decided to devote
approximately $3 billion to such activities over the years FY 1995-1999.

Congressional guidance regarding the BMD program was modified by the FY 1994 National
Defense Authorization Act which read, in part, "It isagoal of the United Statesto.... comply with
the ABM Treaty.... while developing, and maintaining the option to deploy, an anti-ballistic mis-
sile system that is capable of providing a highly effective defense of the United States against lim-
ited attacks of ballistic missiles;.... and.... provide highly effective theater missile defenses
(TMDs) to forward-deployed and expeditionary elements of the Armed Forces of the United
States and, as appropriate, to friends and alies of the United States.”

TheAct also requires the Secretary of Defenseto "(1).... develop advanced theater missile defense
systemsfor deployment in compliance with the ABM Treaty.... [and] (2).... conduct aresearch and
development program to develop and maintain the option to deploy a cost-effective, operationally
effective, and ABM Treaty-compliant antiballistic missile system at asingle site..."

Finally, while recognizing that space based sensors can play a future role for both TMD and
NMD, the Congress mandated that the Brilliant Eyes (BE) program should be examined along
with USAF funded space based sensor programs and consequently moved FY 1994 BMDO funds
for BE into an Air Force managed Program Element (PE).

1.3 Program Priorities

The emerging threat of primary concern in today's post Cold War world is the proliferation of the-
ater ballistic and cruise missiles armed with weapons of mass destruction. Ballistic and cruise
missile deployments are expected to increase worldwide, and a number of countries have or are
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developing nuclear, chemical and/or biological weapons that could be delivered by these systems.
In the near term, this proliferation threat is largely regional in nature, but the range capabilities of
new systems are steadily increasing.

With regard to the strategic threat, current intelligence assessments have placed an extremely low
probability on a deliberate attack on the United States by the states of the former Soviet Union or
by China. Accidental or unauthorized launches of former Soviet or Chinese nuclear missiles are
also considered unlikely. However, the possibility of alimited, long-range ballistic missile threat
from the Third World sometime in the first decade of the next century cannot be excluded.

Conseguently, regional missile threats have become the major focus of BMD planning. But while
the requirement for theater missile defense dominates, there remains a need to develop options to
negate limited ballistic missile attacks against the United States.

The Department's planning is structured to vigorously pursue the acquisition of theater missile
defense systems, while concurrently conducting a research and development program that will
support an option to expeditiously deploy national missile defenses. Promising advanced technol-
ogies that provide significant added BMD performance capabilities especially in response to an
adversary's potential countermeasures will also be investigated. This balanced approach is fully
responsive to the Congressional guidance summarized above.

1.3.1 Theater Missile Defense
Goalsfor TMD have been formulated in terms of five broad capability areas:

* A lower tier (terminal, endoatmospheric) intercept capability with both air transport-
able and sea deployable capabilities to defend point and limited area asset targets, and
to protect mobile ground forces.

* An upper tier (midcourse, high endo/low exoatmospheric) intercept capability with
both air transportable and sea deployable capabilities to extend intercept envelopes,
provide broader area defense, assure multiple intercept opportunities, and minimize
the ground effects of unconventional weapons.

» Enhanced warning and surveillance capabilities including fixed and mobile tactical
processing of launch detection data (from the Defense Support Program (DSP), space
early warning systems, or other means), extended midcourse tracking, and netted sur-
veillance to support intercepts and broader defense coverage.

» Battle Management/Command, Control, Communications and Intelligence (BM/C3I)
capabilities to tie together and manage the intercept and surveillance/warning capabil-
ities and to coordinate TMD functions with the ballistic missile defense elements,
under study, as part of the NMD.

1-4



Strategy And Objectives

» Capability for boost phase intercept to destroy missiles equipped with weapons of
mass destruction, countermeasures and/or clustered warheads before their release or to
destroy attacking missiles over the attacker's territory.

In the near term, an enhanced lower tier intercept capability will be provided by the PATRIOT
Advanced Capability-2 (PAC-2) with Quick Response Program (QRP) enhancements and
improvements to the AN/TPS-59 Radar and HAWK Weapon System. In the core program, lower
tier intercept capability will be bolstered by PATRIOT PAC-3 and modifications to the AEGIS
system, including the SPY-I Radar and Standard Missile 2 (SM-2) Block 1VA; and an upper tier
intercept capability will be established with the THAAD missile and the TMD-GBR. Concepts
for Corps SAM to further improve and extend to maneuver forces the lower tier intercept cgpabil-
ity to protect mobile ground forces; Sea Based Theater Wide Defense systems; and Boost Phase
Intercept (BPI) are being considered and the deployment of one or more of these systems will
occur after completion of the core program deployment. Each of these concepts is explained in
more detail in Chapter 2 of this plan.

1.3.2 National Missile Defense

The priority for NMD isto resolve key element and system level technical challenges which lead
to the development and maintenance of options to deploy ballistic missile defenses for the U.S.
should a threat emerge in the future. The focus of NMD is to develop and mature these critical
technologies incrementally. This resultsin increasingly capable options for deployment based on
technol ogies matured as aresult of the investments made in this program. In accordance with this
priority, the NMD program will be structured as a technology readiness program developing sig-
nificant additional BMD capability to be available for possible contingency deployment.

Prior to the BUR decision, the NMD program was structured as an acquisition program aimed at
defending against a Global Protection Against Limited Strike (GPALS) sized threats (up to as
many as 200 Reentry Vehicles). Deployment of afirst site was at |east ten years away, and contin-
gency deployment was not planned. Multiple sites were envisioned for the objective system, and
relief from ABM Treaty constraints would have been required. The change in priority and direc-
tion for the NMD program coming from the BUR reflects the changes in the threat environment
from the earlier GPALS threat. The new NMD strategy accommodates the lowered priority and
reduced level of funding. It also allows an evolution of capability as technology matures. The
Technology Readiness Program will aso alow contingency deployment of an NMD system
based upon the best technology available as a result of the NMD Technology Readiness Program
and other relevant R& D effortsin BMDO and the Services. Details of the readiness program are
addressed in Chapter 3 of this report.

1.3.3 Advanced Technologies

With alonger range perspective, BMD advanced technology efforts seek to develop and demon-
strate affordable, high payoff technologies to support the deployment of TMD and the devel op-
ment of technologies for NMD. These technologies are selected for their potential for reducing
costs and providing significant added performance capabilities to maintain a defense posture
capable of countering evolving ballistic missile threats -- threats which are increasing in both
number and sophistication. While we shift the focus and vision of ballistic missile defense to
acquire theater missile defense systems that meet today's requirements, we must not neglect

1-5



Srategy And Objectives

potential future threats and the technology needed to counter them. In essence, they are the
advanced technologies that are essential to meeting the BMD mission in the future.

The principal areas of advanced technology development being pursued are directed and kinetic
energy weapons primarily for boost phase intercept; exo- and endoatmospheric intercept with
high probability of kill at lower cost using advanced kinetic interceptors; and advanced sensor
development. Advanced sensors are required to monitor developing threats, detect surprise
attacks or evolving threats during the early stages of rapidly escalating conflicts; acquire, identify,
track, and discriminate targets; and provide accurate kill assessments. Chapter 4 of this report
further describes the advanced technol ogies program.

1.4 Management Approach

The Department has assigned to BMDO the mission to develop for fielding, militarily effective
defenses against ballistic missiles. To accomplish this mission, BMDO provides central BMD
management, defines the system architecture and design, integrates requirements and technology,
develops budgets and allocates resources, ensures integration with other U.S. and international
defense capabilities, ensures systems are interoperable, and coordinates theater missile defense
with national missile defense. In responseto BMDO top level guidance and direction, and in con-
sonance with DOD policy and guidance, the Services are responsible for program execution.

The Joint Chiefs of Staff (JCS), in conjunction with area Commanders In Chief (CINCs), formu-
late the operational concepts, coordinate and validate mission needs and operational require-
ments; provide liaison with associated allied commands; establish command and operational
control doctrines for resources assigned; and, establish command relationships, force structures
and assets, protocols, and rules of engagement. The CINCs aso identify TMD requirements in
their theater of operations.

The Services develop operational requirements; manage TMD programs; provide program analy-
sis and support; conduct or participate in development, test, and evaluation of BMD programs;
conduct operational test and evaluation; and plan for, support, and fund programs after their tran-
sition to Service responsibility including production, deployment, training, operations, and sup-
port.

While this management arrangement, where each of the Services manages specific programs
which are integrated by BMDO to satisfy users requirements, makes the best use of the Depart-
ment's collective talent, BMDO is responsible for providing an affordable and sustainable BMD
capability to the warfighter.

1-6



Theater Missile Defense Master Plan

Chapter 2
Theater Missile Defense M aster Plan

2.1 Introduction

In June 1993, the Department of Defense forwarded the master plan for the Theater Missile
Defense Initiative (TMDI) to Congress. This section, developed specifically in response to Sec-
tion 235 of the FY 1994 National Defense Authorization Act, also updates the June 1993 TMDI
master plan. Arms Control Treaty requirements for Theater Missile Defense programs are
addressed in Chapter 6 of this report.

2.2 Mission and Scope

The Theater Missile Defense Mission Need Statement (MNS) defines the mission and scope of
theater missile defense. It states, "The mission of TMD isto protect U.S. forces, U.S. alies, and
other important countries, including areas of vital interest to the U.S.,, from theater missile
attacks." The TMD mission includes protection of population centers, fixed civilian and military
assets, and mobile military units.

The MNS also provides a basis for defining the scope of the program. The MNS identifies four
"pillars’ of TMD: attack operations, active defense, passive defense, and command, control, com-
munications, and intelligence (C31). The scope of the BMDO TMD program is to focus on active
defense and the associated C3I. The MNS defines a Theater Missile (TM) as "ballistic missiles,
cruise missiles, and air-to-surface missiles."” BMDO has concentrated on the ballistic missile
threat while the Services have continued to develop counters to the other TMs. Because TMD
against ballistic missiles also has a capability against cruise and air-to-surface missiles, BMDO is
working closely with the Services to investigate ways to counter all three types of TMs. However,
active defense against the ballistic missile remains the focus of the BMDO TMD effort.

2.3 Threat

The Theater Balistic Missile (TBM) threat continues to evolve; however, the technologies
involved are well understood and have been described in various threat documents. Figure 2-1
presents a general view of the TBM threat and is described bel ow.

Currently, mature design TBMs are extensively deployed and, because of their low cost and avail-
ability, they are proliferating throughout the world. TBMs have a wide range of capabilities
depending on the technologies involved and the cost a particular nation is willing to pay. Adding
to the threat complexity are the various warheads including high explosives, bulk or submuni-
tions, and weapons of mass destruction (nuclear, biological, and chemical). The evolving threat
may also be expected to employ countermeasures to reduce the effectiveness of TMD systems.
Thus, the array of TBM threats and their proliferation significantly complicates the theater missile
defense mission.
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Figure 2-1. Existing Theater Ballistic Missile Threat
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24 Doctrine, Tactics, Training, and Force Structure

2.4.1 Joint Doctrine

Significant progress has been made in formalizing the joint doctrine for theater missile defense.
Two specific areas that have received much attention are the Commandersin Chief (CINCs) TMD
Experiments Program and the Joint Publication 3-01.5, Doctrine for Joint Theater Missile
Defense. The CINCs TMD Experiments Program is discussed in Section 2.7.5. and the following
discusses joint doctrine.

Joint Publication 3-01.5, Doctrine for Joint Theater Missile Defense sets forth doctrine that gov-
erns the activities and performance of the Armed Forces in joint operations as well as U.S. mili-
tary involvement in multinational and interagency operations. A draft update is currently under
review and is expected to be approved this year. When approved, it will provide military guidance
for the exercise of authority by combatant commanders and other joint force commanders, and
prescribe doctrine for joint operations and training.

The following paragraphs, present the respective Army, Navy, and Air Force doctrine, tactics,
training, and force structure regarding operational aspects of theater missile defense.
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242 Army

The Army supports the national military strategy of defense against theater missile attacks by pro-
tecting forces, facilities, and population centers; conducting precision strikes with deep strike
assets such as Extended Range Army Tactical Missile System (ATACMS) and Army air assets to
destroy enemy launch capabilities; and dominating the maneuver battlefield. Virtually all opera-
tiona scenarios include the deployment of Army TMD forces as part of a joint forces defense.
Precision strikes against opposing missile launch capabilities help theater CINCs project and sus-
tain the force safely by defending air and sea ports of debarkation and lines of communication
against TBM interdiction. Army TMD also alows CINCs to dominate maneuver operations by
protecting maneuver forces and designated critical assets.

Evolving Army TMD doctrine calls for a highly capable and robust ground based defense that is
rapidly deployable and sustainable in contingency theaters to support force projection operations.
Thisdoctrinewill coincide with joint service TMD doctrine and operational principlesincluded in
Joint Publication 3-01.5, Doctrine for Joint Theater Missile Defense.  The authoritative founda-
tion for subordinate Army doctrine is the Army Field Manual, FM 100-5, Operations, which rec-
ognizes that the threat to friendly forces has grown due to weapons of mass destruction and the
proliferation of missile technology. In defining the requirement for force protection in each phase
of an operation, FM 100-5 identifies a greater role for theater missile defense in the generation of
combat power. It describes how a PATRIOT and Theater High Altitude Area Defense (THAAD)
task force will operate to provide a two tiered defense of critical assets within a theater. Specific
"how to fight" tactics are emerging with doctrine evolving from lessons learned in the Gulf War
and from ongoing wargaming and analysis efforts. Doctrine and tactics for Corps SAM will
mature if Corps SAM is developed as afollow-on capability.

Steps to increase leader and soldier proficiency in TMD will include incorporating the TBM threat
and TMD responses into all levels of training and service school programs of instruction, as well
as capturing and understanding the lessons learned from recent combat experience. TMD will be
an integral part of the live field training exercises at the combat training centers and the battle
labs. TMD will be examined in detail to provide the best possible combat preparation for com-
manders, staffs, and soldiers.

The current and programmed PATRIOT force includes 88 firing batteries (or fire units). Of these,
44 comprise the nine operational PATRIOT battalions, four are being prepared for transfer to the
National Guard, and six are being used for Southwest Asia rotation. The remaining 34 are either
manned by German forces or are used for training and maintenance support. The PATRIOT force
will begin upgrading to the final PATRIOT Advanced Capability—3 (PAC-3) configuration begin-
ning in FY 1998.

Two THAAD battalions, each with four firing batteries, will begin fielding early in the next
decade. The THAAD program will also deliver a functional, developmental prototype system at
the end of Demonstration/Validation (Dem/Val). This system, referred to as the THAAD User
Operational Evaluation System (UOES), will provide early deployment proficiency training and
Engineering and Manufacturing Development (EMD) testing. In the event of a national emer-
gency, the UOES can provide a deployable prototype system by FY 1997. These units will be
based at Fort Bliss, Texas and could be rapidly inserted into any theater using current military
transport aircraft.
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24.3 Nawy

The new world order emphasizes the need for naval forces that can operate in any littoral theater,
in any mission, first to provide aforward presence and initial capability when no other assets exist
and, if necessary, to participate in joint expeditionary warfighting. Accordingly, the Navy'srolein
the post Cold War era has become prompt and sustained combat operations that are not so much
"on the sea" as "from the sea."

The inherent mobility of naval forces and their capability for integrated warfighting make them an
important foundation for CINC contingency planning and phased response to regional crises.
They are capable of creating an immediate multi-warfare defensive umbrella against all threats to
expeditionary forces as they assemble and move from the sea to the shore. If forced entry is
required, the Navy's role will be to provide highly survivable active defense, complemented by
attack operations against enemy missile sites and other key targets. As joint forces continue to
build and begin to move inland, the Navy's role will expand to include managing and defending
the logistics train, as well as extending the reach of attack operations.

Operational, doctrine, and training commands are concurrently updating Concepts Of Operations
(CONOPS) (including command and control). The revised CONOPS will be incorporated in
shore and sea based training. Within a theater level architectural perspective, al functional areas,
from intelligence and surveillance to post engagement assessment, are being scrutinized for opti-
mum effectiveness in joint operations. All efforts are being controlled by operational demonstra-
tions and experiments that verify progress in system engineering and doctrine evolution.
Operations of selected fleet units are addressing key areas of TMD in preparation for incorporat-
ing TMD in training and readiness exercises.

The Navy program is based on evolving the capabilities of the AEGIS weapon system to support
increasing intercept capability against TBMs. The first stage of this evolving capability is called
the Sea Based Area TBMD program. It provides for the combat system modifications for AEGIS
to support TBMD and for modifying the Standard Missile-2 to the Block IVA TBMD configura-
tion. This area defense program provides alower tier or endoatmospheric intercept capability. The
second evolutionary stage of the Navy program couples the combat system modifications devel-
oped for area defense with the development of an exoatmospheric (or upper tier) interceptor to
provide theater wide capability. TBMD capability upgrades will be fully integrated with the
AEGIS multi-mission capability in all four pillars of TMD.

The Navy plans to achieve a sea based area theater ballistic missile defense contingency capabil-
ity in 1997 with aUOES on at least one AEGI S ship. The test and evaluation of the UOES in con-
junction with testing at shore engineering support activities will provide significant opportunity
for further development and validation of doctrine and tactics in both Navy and joint environ-
ments.

2.4.4 Air Force

TheAir Force playsavital rolein providing aTMD capability to the theater CINCs. TBMs pose a
unigue challenge, that, in accordance with Joint doctrine, are defended by integrating a mix of
mutually supportive passive defenses, active defenses, attack operations, and Command, Control,
Communications, and Intelligence measures. As such, they are a target subset of the Joint Force
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Commander's (JFC) overall campaign. The Air Force contributes to the campaign through offen-
sive and defensive counter-air, air interdiction, and strategic attack operations.

The air defense criteria to detect, identify, intercept, and destroy aircraft and associated support
infrastructure in a theater remains the same for theater missiles. The reduced command and con-
trol time inherent in theater missile operations requires improved sensor target detection and iden-
tification capability, ajoint Battle Management/Command, Control and Communication (BM/CS)
architecture, and faster execution of command and control functions. The connectivity between
Services must allow for diverse aternatives and many opportunities to negate the TBM threat.
Procedures and training must be established prior to the start of a theater conflict to ensure the
greatest efficiency of amultilayered TMD capability. The theater missile threat requires real-time
target detection, retargeting, and weapon-target pairing capability. Attacking mobile targets within
minutes and seconds must be the norm and requires full integration of all assets.

Because the Air Force, like the Navy, may be the first force to arrive in a theater, the importance
of having an air launched capability against ballistic missiles cannot be overlooked. OSD and the
Joint Staff have conducted several reviews of potential ballistic missile defense systems and have
approved a demonstration of a boost phase intercept capability. This effort isbeing led by the Air
Force with Navy participation and is being jointly funded by the Air Force and BMDO.

The Air Force provides assets and significant capabilities to the Joint Forces Commander to
locate, identify, and destroy/deny an enemy's theater missile capability before it can threaten
friendly forces, critical assets, or areas of vital interest. The Air Force in concert with the Compo-
nent Commanders and in accordance with Joint Publication 3-01.5, will focus on attacking theater
missilesin the boost phase after launch or on the ground during the pre-and post launch phase and
disrupting the enemy's missile operations with an appropriate balance of joint assets. Space sup-
port and theater sensor data must meet reduced time lines, with more accurate target detection,
identification, and tracking datafor TBM targetsin the air or on the ground. Active defensein the
terminal phase and passive defense enable the JTF to mitigate the destructive potential of theater
ballistic missiles that are not destroyed by counterforce and boost phase interceptors.

25 TMD Active Defense Framewor k

The 1993 TMDI Report to Congress presented a framework and architecture that were devel oped
from operational and technical attributes. As TMD doctrine has evolved, we have modified the
framework to respond to the developing doctrine. BMDO continuously evaluates the TMD mis-
sion, threat characteristics, and doctrine and updates the mission drivers and desired TMD perfor-
mance characteristics. This continuous process ensures that the framework and architecture meet
the TMD system requirements. Figure 2-2 shows the TMD mission and resultant mission drivers.
No significant changes have occurred in the past year, and the primary conclusion, "a single
weapon system cannot meet the entire TMD mission,” remains valid.

From the mission drivers, key performance characteristics of the TMD system are derived. Figure
2-3 shows the resultant performance characteristics. An examination of the performance charac-
teristics leads to the conclusion that an upper and lower tier TMD system consisting of land, sea,
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Figure2-2. The TMD Mission And Mission Drivers
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and air forces provided the most effective framework for TMD. This, then, becomes the updated
TMD framework. This framework is similar to that submitted in the 1993 TMDI Report to Con-
gress but is updated to reflect the evolving doctrine. Figure 2-4 shows the framework and associ-
aed performance characteristics. Note that BM/C2 is a critical element which ties the other
elements together.

2.6 Acquisition Strategy

The TMD acquisition strategy can be described as three phases. The first consists of the aggres-
sive pursuit of near term improvements by enhancing existing systems using low risk, low cost,
and quick reaction programs while simultaneously developing and refining TMD concepts of
operation and tactics. The second phase employs a prudent acquisition approach to provide asig-
nificant core TMD capability. This core capability consists of land based defenses to protect criti-
cal assets and to provide theater wide protection. The core capability also includes a sea based
defense to protect U.S. and friendly forces in ports and littoral areas. The core program utilizes
user operational evaluation systems to provide an early contingency capability. A critical element
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Figure 2-3. The TM D Mission Derived Performance Characteristics
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of the core program is to establish an effective and joint BM/C? architecture. In the final phase,
advanced concept technology demonstrations and other risk reduction activities are used to
develop capabilities to complement the core program with the emphasis on affordability and new
technologies. These future capabilities are called "advanced concepts.”

The TMD acquisition strategy includes the operational employment of systems developed during
the Demonstration/Validation (Dem/Val) and Engineering and Manufacturing Development
(EMD) phases of the acquisition process. These User Operational Evaluation Systems (UOES)
serve four purposes: (1) influence the engineering and manufacturing development program by
getting usersinvolved early; (2) provide systems for testing, evaluating, and training as part of the
normal acquisition process; (3) refine operational doctrine and organizational structures; and (4)
provide a contingency defense cgpability should the need arise in an emergency prior to produc-
tion and deployment. The acquisition programs for THAAD and Sea Based Area TBMD include
provisions for UOESs.
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Figure 2-4. TMD Active Defense Framework
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2.7 Near Term |

Near term efforts will provide improved theater missile defense until the core program capabili-
ties are available at the end of the decade. Included are: PATRIOT Advanced Capability-2 (PAC-
2) upgrades, TPS-59 radar and Hawk modifications, launch detection improvements, sensor cue-

mprovements

ing upgrades, and the CINCs TMD Experiments Program.

2.7.1 PATRIQOT Anti-Tactical Missile Capability-2

The baseline for TMD is PAC-2. Near term upgrades include the Quick Reaction Program (QRP)
and a Guidance Enhancement Missile (GEM) improvement. These upgrades will be followed by a

series of upgrades under the PATRIOT Advanced Capability—3 (PAC-3) Program.

PATRIOT is an air defense guided missile system designed to cope with the air defense threat of
the 1990s. The threat is characterized by defense suppression tactics using saturation, maneuver,
and Electronic Countermeasures (ECM). The principal element of the PATRIOT organization is
the battalion that consists of up to six firing batteries. Battalions normally deploy at echelons
above corps and as part of the corps air defense artillery brigade. The PATRIOT battery, aso
referred to as a Fire Unit (FU), is the smallest element capable of engagement operations. The
battery, shown in Figure 2-5, includes the Fire Control Section (FCS) and normally eight Launch-
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Figure 2-5. PATRIOT

/3
<.4||l\-m—“

Radar Set

Launcher
Station

Information And
Coordination Central

1[ m

Engageent
Control Station

ing Stations (LS) athough a battery has the capability to control 16 LSs. The FCS consists of a
radar set (RS), Engagement Control Station (ECS), and Electric Power Plant (EPP).

The need for an Anti-Tactical Missile (ATM) capability was identified in the 1980s from the
deployment of large numbers of accurate Soviet Tactical Ballistic Missiles (TBM) in eastern
Europe. The PATRIOT Anti-Tactical Missile Capability-1 (PAC-1) and PAC-2 programs were
developed to provide the PATRIOT system with additional capabilitiesto defend itself and critical
assets against TBM threats and continue to carry out its primary mission.

The PATRIOT Quick Response Program (QRP) was instituted in 1991-1992. This program,
designed to identify and quickly field improvements to correct Desert Storm shortcomings,
includes emplacement upgrades for rapid, accurate fire unit emplacement, a capability to remote
launchers up to 12 km from the radar, and radar enhancements to improve TBM detection and
increase system survivability. The QRP configuration of PATRIOT is already deployed and oper-
ational in Saudi Arabia. A companion program, the Guidance Enhancement Missile (GEM),
includes engineering improvements to the PAC-2 missile to improve lethality, especially against
the Desert Storm class of TBM threats. Limited quantities of GEMswill be fielded in 1995.
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* FY 1993 efforts resulted in the following accomplishments:
- Completed the fielding of the first QRP battalion;
- Conducted two GEM flight tests.

*  Work planned for FY 1994:
- Continue fielding QRP battalions;

- Complete GEM flight tests and conduct production decision review.

*  Work planned for FY 1995:
- Complete QRP fielding;
- Begin GEM délivery.

2.7.2 TPS-59 Radar and HAWK Modifications

TPS-59 radar and HAWK wesapon system improvements will provide aTMD capability for U.S.
Marine Corps (USMC) operations. This Marine Corps TMD initiative is jointly funded with
BMDO and will yield a low risk, near term capability for expeditionary forces against Short
Range Ballistic Missiles (SRBM). This improvement consists of upgrades and modifications to
the primary sensor (TPS-59 radar) and the weapon system (HAWK), and a communications inter-
face between the two, the Air Defense Communications Platform (ADCP). Modifications to the
TMD mode of the TPS-59 radar, summarized in Figure 2-6, will result in TBM target detection
ranges out to 400 nautical miles and 500,000 feet in altitude. These modifications will provide
cueing information to other theater weapon systems via a Joint Tactical Information Distribution
System (JTIDS) link located in the ADCP.

The modified HAWK battery command post will process cueing data for control of the high-
power illuminator radar as required. The ADCP converts TPS-59 data messages and TADIL-J for-
matted messages into the intra-battery data link formats required by the HAWK weapon system.
Other HAWK upgrades will provide increased mobility and improvements to the digital launcher,
and fuse and warhead changes to the missile. Technical, developmental, and operational testing is
scheduled for FY 1996 with first units equipped late in the year.

Under the current USMC force restructuring plan, one active duty HAWK battalion and one
reserve HAWK battalion will be retained. The former will consist of three batteries, each with 12
launchers. The latter will be equipped with two batteries, each with eight launchers. Three mis-
siles can be mounted on each launcher.
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Figure 2-6. TPS-59 And USMC HAWK
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* FY 1993 efforts resulted in the following accomplishments:

- Conducted TPS-59 system design review and began hardware fabrication and soft-
ware devel opment;

- Awarded contracts for the HAWK TMD modifications and Air Defense Communi-
cations Platform software development.

*  Work planned for FY 1994:
- Begin TPS-59 system integration effort;
- Conduct HAWK TMD software Initial Developmental Test and Evaluation;
- Complete Air Defense Communications Platform Milestone | and 11 reviews,

- Conduct Air Defense Communications Platform hardware and software prelimi-
nary and critical design reviews.
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*  Work planned for FY 1995:

- Complete TPS-59 system integration effort and initiate contractor's devel opmental
tests;

- Begin production of HAWK modifications;
- Conduct Air Defense Communications Platform integration and testing;

- Conduct Air Defense Communications Platform Test Readiness review.

2.7.3 Launch Detection

Improved launch detection will provide earlier targeting opportunities for active defense elements
and earlier warning for passive defense. Counterforce strikes may also benefit from better launch
point estimates. All of these improvements address shortcomings from Desert Storm. Three com-
plementary programs which provide these improvements are the Air Force's TALON SHIELD
program, the Navy's RADIANT IVORY program, and the Army-Navy Joint Tactical Ground Sta-
tion (JTAGS) program.

TALON SHIELD isaBMDO sponsored data fusion program that processes multi-sensor Defense
Support Platform (DSP) and classified sensor data at a central location at Falcon AFB, Colorado.
RADIANT IVORY processes classified data from a unique sensor and provides the data to
TALON SHIELD for fusion with other products. The JTAGS program is building a tactical
mobile stereo DSP ground station for use in theater to provide up to trinocular processing of DSP
sensor data. This program will ruggedize hardware and software developed under the BMDO
sponsored Tactical Surveillance Demonstration (TSD) and TALON SHIELD programs and the
Army/Navy sponsored Tactical Surveillance Demonstration Enhancement (TSDE) program.
These hardware efforts will interface with Tactical and Related Applications (TRAP) and Tactical
Information Broadcast Service (TIBS) networks in real time as well as other tactical data net-
works, providing arobust capability for users from al Services. The complementary capabilities
of TALON SHIELD, RADIANT IVORY, and JTAGS are integrated within the USSPACECOM
program for a tactical event system (TES). TES will meet the TMD requirements for launch
detection and warning as the tactical processors mature from demonstrations to full operational
capability.

Technical and operational testing continues throughout FY 1994. Significant TALON SHIELD
tests include demonstrations of multiple satellite data fusion against cooperative launches and tar-
gets of opportunity, that occur during system checkout. Initial operational capability of the Attack
and Launch Early Reporting to Theater (ALERT) system is scheduled for October 1994. The
Army will conduct JTAGS EMD phase technical and operational tests during FY 1995.

* FY 1993 efforts resulted in the following accomplishments:

- Completed TSD, RADIANT IVORY, and TALON SHIELD system demonstra-
tions.
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»  Work planned for FY 1994:
- Complete TALON SHIELD Developmental tests and begin Air Force operations;
- Demonstrate improved netted sensor data processing at key TMD nodes;

- TSD/TSDE continue to support the USSPACECOM Tactical Event System imple-
mentation plan and CINC TMD experiments.

*  Work planned for FY 1995:
- Achieve ALERT initial operational capability;
- Continue to design and demonstrate TALON SHIELD capabilities;

- Produce and conduct developmental/operational testing of two JTAGS engineering
and manufacturing development units.

2.74 Sensor Cueing

Sensor cueing enhances target detection by fire control radar systems such as PATRIOT's AN/
MPQ-53. Sensor cueing reduces radar loading for TBM detection and tracking by decreasing the
radar's search volume. It extends the target acquisition range of fire control radar systems, pre-
cluding the radar as the limiting factor in defended area footprints. Thisincrease in rangeis partic-
ularly important in non-benign environments, i.e.,, multi-target, Electronic Countermeasures
(ECM), and inclement weather. Additionally, improved beam scheduling provides target acquisi-
tion in non-benign environments while reducing the system's vulnerability to saturation raids and
to anti-radiation missiles.

Sensor cueing efforts include tactical cueing and netting demonstrations, for example, TMD
weapons systems such as PATRIOT or THAAD cued by tactical systems and sensors such as
JTAGS, SPY-1, or TPS-59. Other sensor efforts include tactical processing and application of
space sensor data in the TALON SHIELD program and airborne sensor technology development.

The Extended Airborne Global Launch Evaluator (EAGLE) Program will provide the capability
to acquire and track theater ballistic missiles during the late boost and midcourse phase. The pro-
gram will develop a passive Infrared Search and Track (IRST) system and an active laser ranging
system and field them on existing Air Force and Navy surveillance aircraft. On board processors
will compute launch point estimates, impact point prediction, and threat position and velocity
messages for transmission via a joint data link to command and control and fire control centers.
The EAGLE Program will enter demonstration/validation in FY 1995 with a prototype flying in
FY 1996.

* FY 1993 sensor cueing efforts resulted in the following accomplishments:

- Developed and tested PATRIOT cueing software (engineering devel opment);
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- Demonstrated new long-range waveform during TMD Countermeasures Mitiga-
tion Program-1 (TCMP-1);

- Completed planning for PATRIOT/TPS-59/JTAGS cueing demonstration.

*  Work completed and planned for FY 1994:

- Conducted a developmental cueing demonstration between TPS-59/PATRIOT and
JTAGS/PATRIOT with aTBM target at White Sands Missile Range; TPS-59 cued
PATRIOT to a single beam acquisition; JTAGS cued PATRIOT repeatedly includ-
ing some single beam acquisitions;

- Begin planning for aTri-Service tactical cueing capability;
- Publish TPS-59/PATRIOT and JTAGS/PATRIOT interface control documents.

* Work planned for FY 1995:
- Demonstrate tactical cueing of PATRIOT from TPS-59 and JTAGS,
- CueAEGISfrom nationa assetsviaTRAP/TRE;
- Begin EAGLE Program Demonstration/Validation.

2.75 CINCsTMD Experiments Program

The CINCs TMD Experiments Program is improving current TMD command, control, and com-
munications capabilities in the field. This program is designed to increase the understanding of
TMD capabilities, to develop and refine tactics, and to implement TMD force operations as devel-
oped by the theater CINCs. The CINCs TMD Experiments Program helps the CINC perform
TMD missions by subsidizing the cost of including realistic TMD activity into existing exercises,
providing expertise to the CINC in exercise planning and communications connectivity, and
bringing new ideas and capabilities to the field during exercises. The exchange of information
between the users and devel opers has fostered great interest among the CINCs during the past two
years. The result has been substantial increases in current and near term TMD capabilities without
the addition of a new weapon system.

Each year participating CINCs establish TMD experiment goals and objectives for the succeeding
two years. During workshops, representatives from the doctrine and technology communities
present concepts for improving current TMD capabilities. These concepts are prioritized and a
cost analysis is performed. Once the budget for the program is finalized, CINC objectives are
funded according to assigned priorities. Experiments are then planned and executed within the
prioritized funding.

* FY 1993 efforts resulted in the following accomplishments:
- Demonstrated the effectiveness of the Air Defense Systems Integrator (ADSI) to
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establish interoperable communications between Army, Navy, and Air Force sys-
tems. ADSI was used in FY 1993 to establish a theater wide, common air picture
by the European Command (EUCOM) in OPTIC NEEDLE | and by U.S. Forces
Korea (USFK) in ORNATE IMPACT I. ADSI was aso used by an AEGIS cruiser
to cue a PATRIOT battalion during OPTIC NEEDLE I.

Demonstrated the utility and effectiveness of employing a Scud/TMD cell, com-
posed of dedicated personnel and equipment, within the theaters. USFK estab-
lished a "Scud" cell, during ORNATE IMPACT |; EUCOM established a TMD
cell during OPTIC NEEDLEI.

Demonstrated the utility of employing the Joint Tactical Ground Station (JTAGS)
during ORNATE IMPACT | and OPTIC NEEDLE |. JTAGS gives the theater the
capability to process and visually monitor Defense Satellite Program (DSP) satel-
lite information, which provides early launch warning.

Demonstrated the capability to provide TALON SHIELD information to the the-
ater during ORNATE IMPACT | and OPTIC NEEDLE I. In both cases, the com-
munications connectivity was established and maintained; TALON SHIELD
information was received and processed in the theater.

Demonstrated the capability of EUCOM's TMD cell to process TMD intelligence
and forward targeting information to field artillery systemsto enable rapid engage-
ment of high priority targets.

Supported Central Command (CENTCOM) publication of a tactics, techniques,
and procedures manual.

Enhanced combat effectiveness during FY 1993 through Pacific Command
(PACOM) and EUCOM refinements to their TMD planning processes and com-
muni cations procedures. These were practiced during exercises, resulting in better
trained planners and operators.

Work planned for FY 1994:

PACOM will conduct ORNATE IMPACT 1I, a Command Post Exercise (CPX)
with aTMD overlay in USFK. PACOM's intent is to improve the effectiveness of
systems established during OPTIC NEEDLE I.

EUCOM will conduct OPTIC NEEDLE I, aField Training Exercise (FTX) con-
ducted in Europe. EUCOM's intent is to enhance its ability to disseminate early
warning, intelligence, and imagery, and improve the interoperability between
Army and Navy radars.

CENTCOM will participate in ROVING SANDS 94, a CPX/FTX conducted in
Continential United States (CONUS). CENTCOM's intent is to validate its new
tactics, techniques, and procedures manual, and to experiment with incremental
introduction of TMD capability in an undevel oped theater.

Atlantic Command (ACOM) will participate in the program for the first time using
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a predeployment exercise with Joint Task Force 95. ACOM wants to explore new
means of information exchange between PATRIOT and AEGIS, as well astest pro-
cedures for processing DSP information. ACOM will also experiment with new
techniques for passing target information to the cockpit for attack aircraft.

Work Planned for FY 1995;

- EUCOM will conduct quarterly TMD exercises involving component and regional
commands;

- PACOM will continue TMD experiments by USFK/CFC, expand TMD efforts by
U.S. Forces Japan, and integrate TMD into its PACOM Joint Task Force exercises,

-  CENTCOM will integrate TMD into command post and field training exercises.

2.7.6 TMD Current Systems | mprovements Program

A formal TMD Current Systems Improvements Program is being established to continuously
identify and recommend modifications to existing systemsto improve their TMD capability. This
program provides BMDO, Service acquisition organizations, and the users, through their Ser-
vices, the opportunity to identify and recommend materiel improvements to their warfighting
capability which can be implemented and fielded within the next four years. The TMD Current
Systems Improvements Program will identify, select, and sponsor those improvements that are
consistent with the program's objective. A TMD Current Systems Improvements Working Group
and Flag Officer's Steering Committee will be established to provide recommendations to BMDO
for further action. Oversight and review will be maintained throughout the implementation of an
improvement to ensure satisfactory cost and schedule control.

2.8 CorePrograms

The three core programs are: (1) PATRIOT Advanced Capability-3 (PAC-3), which adds a new,
highly lethal hit-to-kill interceptor and improves radar capability of the PATRIOT system; (2)
THAAD and the TMD-GBR, which provides a capability against longer range threats, decreases
leakage by adding an upper tier, provides the improved lethality of hit-to-kill, provides wide area
protection of highly dispersed assets, and has improved deployability; and (3) Sea Based Area
Theater Ballistic Missile Defense (TBMD), which aids deployability by providing global pres-
ence and gives the capability to protect insertion forces. Figure 2-7 shows the core programs
inserted into the TMD active defense framework. The following sections discuss the status of the
core programs.

2.8.1 PATRIOT Advanced Capability-3 (PAC-3)

The PAC-3 program, which will improve the current PAC-2 system through a series of upgrades
to the PATRIOT radar and the selection of a new missile, will satisfy the PAC-3 requirement to
increase system battlespace and lethality capabilities. The planned radar enhancements will
increase detection range, provide positive target identification, improve the engagement of targets
with reduced radar signatures, increase target handling capability, increase firepower, and enhance
survivability.

2-16



Theater Missile Defense Master Plan

Figure 2-7. TMD Active Defense Framework Core Programs
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Two missiles were considered for the PAC-3 program: the Multimode Missile (MMM) and the
Extended Range Interceptor (ERINT). In the second quarter of FY 1994 the Army selected the
ERINT missile. ERINT is a hit-to-kill interceptor that provides active defense against TBMs and
air breathing threats. It uses an on board active Ka-band seeker, aerodynamic control vanes, and
impulse attitude control thrusters to provide the rapid maneuvering necessary for a hit-to-kill
intercept. The ERINT missile is designed and built to be completely compatible with the
PATRIOT system. Hit-to-kill technology, as opposed to blast fragmentation, will increase lethal-
ity against mass destruction warheads.

An independent review by OSD of the ERINT selection as a precursor to the PAC-3 Defense
Acquisition Board (DAB) supported the ARMY decision. The DAB reviewed the ERINT selec-
tion and approved the PAC-3 program with ERINT to enter into the Engineering and Manufactur-
ing Development (EMD) phase.

The Dem/Val flight test program consists of two Controlled Test Flights (CTF) and six Guided
Test Flights (GTF) against surrogate tactical balistic missiles, air breathing threats, and maneu-
vering targets. To date, both CTFs and three of the six GTFs have been conducted. The ERINT
missile spectacularly demonstrated its hit-to-kill capability during its last two test flights, each
conducted against a ballistic tactical target vehicle. In one case, ERINT neutralized al the canis-
ters in a simulated chemical submunition warhead. In the second case, ERINT completely
destroyed atarget vehicle carrying asimulated bulk chemica warhead.
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The ERINT missile will undergo Developmental Test and Evaluation (DT&E) and missile flight
tests using Post Deployment Build PAC-3 missile flight test software. DT& E will verify the engi-
neering and manufacturing development process and determine readiness of the missile to enter
operational testing. DT&E will occur between the first quarter of FY 1995 and the first quarter of

FY 1998.

Operational Test And Evaluation (OT&E) will verify the operational effectiveness and suitability
of the PAC-3 system to meet operational performance requirements described in the operational

requirements document.

* FY 1993 efforts resulted in the following accomplishments:

Continued PAC-3 missile review process and initiate EMD program;
Initiated Phase |11 radar integration testing;

Continued remote launch development;

Completed two test flights of the multimode seeker;

Continued to execute the PATRIOT-ERINT integration program;
Completed one ERINT guidance test flight.

»  Work planned for FY 1994:

Complete PAC-3 missile review process;

Complete multimode missile improved warhead development and test;
Complete radar enhancements Phase 111 subsystem testing and integration;
Continue remote launch devel opment;

Complete the PATRIOT-ERINT integration program;

Initiate system integration and testing;

Complete ERINT Dem/Val flight test program;

Initiate hardware/software developmental testing.

*  Work planned for FY 1995:
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2.8.2 SeaBased Area TBMD

The goal of this Navy effort isto provide a sea based area defense capability building on the exist-
ing AEGIS system, shown in Figure 2-8. This effort focuses on modifying the AEGIS combat
system to enable TBM detection, tracking, and engagement by a modified Standard Missile SM-2
Block IV. The SPY-1 radar computer programs and equipment will be modified to allow search at
higher elevations and longer ranges in order to detect TBMs and to maintain track on the ballistic
targets. The weapon control system will predict intercept points and engagement boundaries for
ballistic targets, initialize missiles, conduct firings, and provide uplink commands as the missile
fliesto intercept the TBM. AEGI S displays and the on board command and decision system com-
puter programs and equipment will be modified to display TBM tracks and engagements and to
interface with other elements of the combat system as well as with off ship sensors (e.g., DSP).

Figure 2-8. AEGIS Weapon System Mark 7
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The SM-2 Block 1V, currently in engineering development, is the basis for the initial sea based
TMD capability that focuses on the more numerous, shorter range, lower apogee threats. As
noted in Figure 2-9, BMDO is considering changes to the baseline SM-2 Block 1V warhead,
seeker, and fuze to improve intercept performance against ballistic missiles within the atmo-
sphere. Warhead modifications will capitalize on engineering analysis and design efforts already
completed for the PATRIOT missile. An adjunct infrared (IR) seeker will be used to reduce miss
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distance. The fuze will be improved to ensure proper performance in the high closing rate mis-
sile-to-missile encounters. The modified SM-2 Block IV (designated SM-2 Block 1VA) is being
designed to retain capability against aircraft and antiship cruise missiles while providing the max-
imum possible capability against theater ballistic missiles.

Figure 2-9. Standard Missile Evolution
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In addition to the early risk reduction test missiles planned to support testing in 1995 through
1997, 35 missiles will be procured for use with the AEGIS User Operational Evaluation System
(UOES) to provide a mid decade contingency. Low Rate Initial Production (LRIP) beginning in
1997 will make an additional 55 missiles available in 1999, and 90 missilesin 2000.

The test and evaluation (T&E) effort for the sea based area TBMD program is an outgrowth of
almost 20 years of computer program development and management, missile development, and
AEGIS weapon system engineering. The T&E program includes early missile hardware integra-
tion and flight test, IR seeker wind tunnel and dled testing, warhead development with lessons
learned from PATRIOT, early a sea testing of prototypical computer programs, and extensive
land based development of AEGIS weapon system computer programs and equipments at the
Combat System Engineering Development Site in Moorestown, New Jersey.
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Early flight tests are planned starting in FY 1995, first at the White Sands Missile Range, and then
on an operational AEGI'S ship with supporting computer programs. Additional at sea testing will
include multiple engagement scenarios, electronic countermeasures (ECM), and other measures
designed to rigorously test the robustness of the system. The first fleet unit will receive opera-
tional SM-2 Block I1VA interceptors and AEGIS TBMD tactical computer programsin 1999.

* FY 1993 efforts resulted in the following accomplishments:

Issued Sea Based TBMD Mission Need Statement and AEGIS and SM-2 Block
IVA Operational Requirements Documents,

Commenced design and evaluation of necessary AEGIS combat system modifica-
tions;

Delivered preliminary SPY radar tracking computer program modifications to sup-
port the collection of ballistic missile tracking data at sea;

Completed concept definition of SM-2 Block 1V modifications required to provide
TBM intercept capability and initiated risk mitigation efforts;

Demonstrated developmental computer programs used to detect and track TBMs at
extremely long ranges.

»  Work planned for FY 1994:

Continue design of AEGIS combat system modifications;

Continue development/design of SM-2 Block IV modifications to provide for
TBM intercept capability;

Continue risk mitigation efforts;

Demonstrate AEGIS communication with PATRIOT system in consonance with
the JADO/JEZ event;

Develop subsystems of the SM-2 Block I'VA to support risk reduction flight testsin
FY 1995;

Continue computer programs and equipment development to accept stereo DSP
and cue AEGI Sto increase track acquisition range against a TBM.

*  Work planned for FY 1995:

Complete design of initial AEGIS combat system computer program and equip-
ment modifications to enable TBMD detection, tracking and weapon processing to
support an SM-2 missile with TBMD capability;
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- Conduct warhead lethality arenatests;

- Conduct land based and sea based experiments to demonstrate automated accep-
tance of long-range (off ship) cueing and SPY radar acquisition;

- Initiate procurement of developmental SM-2 Block VA missiles to support an FY
1997 UOES and planned flight tests;

- Commence risk reduction flight tests at White Sands Missile Range to resolve
issues of thermal blur, IR seeker performance, IR cover survivability, and model
validation.

2.8.3 THAAD and TMD-GBR

The THAAD system, shown in Figure 2-10, consists of two separate but closely associated Army
programs. the THAAD weapon system and the Theater Missile Defense-Ground Based Radar
(TMD-GBR) surveillance and fire control radar system. The THAAD system comprises the
upper tier of atwo tiered, ground based defense against TBMs. This system will provide broad
surveillance and a large intercept envelope to defeat missile threats directed against wide areas,
dispersed assets, and strategic assets such as population centers and industrial facilities. THAAD
will engage at high altitudes to minimize damage caused by debris and chemical/nuclear muni-
tions. The combination of high altitude and long-range intercept capability may provide multiple
engagement (shoot-look-shoot) opportunities. The system will be interoperable with other U.S.
and NATO air defense systems and is capable of receiving cueing data from U.S. space based sen-
Ssors.

The THAAD weapon system includes missiles, launchers, C3I units, and ground support equip-
ment. The system will be C-130/C-141 aircraft transportable and will use existing standard gov-
ernment power generation equipment. The THAAD C3I units will be compatible with the Air
Defense Tactical Operations Center (ADTOC) to enable communication with higher and lower
echelons. Additionally, the THAAD C3I segment will be able to accept cueing data from a variety
of external sensors.

The THAAD missileis a single stage, solid fuel missile. The missile employs thrust vector tech-
nology and a divert and attitude control system. Predicted intercept point and guidance presets
are provided by the TMD-GBR to the missile prior to launch. The THAAD missile is capable of
receiving in-flight updates including a target object map for target designation. Terminal guidance
data is provided by an infrared seeker looking through a side mounted, uncooled window. The
seeker window is protected by a shroud which separates prior to terminal homing. The THAAD
missile kill vehicle exhibits enhanced lethality by destroying incoming warheads utilizing kinetic
energy impact (hit-to-kill). It is capable of both endo- and exoatmaospheric intercepts.

The THAAD launcher contains a missile round pallet mounted on a U.S. Army common Pallet-
ized Loading System truck. Primary power to the launcher is supplied by lead acid batteries that
are automatically recharged by a quiet tactical generator. Launch position is determined by the
Global Positioning System and the launch azimuth by a Direction Reference Unit.

The C3| system is designed to control automated TBM acquisition and identification, track data
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Figure 2-10. THAAD / TMD-GBR System
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processing and dissemination, weapon assignment, engagement monitoring, and sensor operation.
The C3I equipment is configured into the Standard I ntegrated Command Post Shelter mounted on
a high mobility, multipurpose wheeled vehicle. The command and control netted, distributed, and
replicated architecture allows for maximum flexibility to operate at the battalion or battery level.
The use of common hardware and software, and standard communication protocols also allow
cueing from external sources and cueing down to lower tier systems.

The TMD-GBR isthe THAAD primary sensor and uses state-of-the-art radar technology and pro-
vides theater wide surveillance, discrimination, and fire control for the weapon system. It consists
of five mgor elements. a mobile, single faced, phased array radar utilizing solid-state transmit/
recelve modules and separate power generation, system cooling, electronic equipment control,
and operations control units. The radar operates in the X-band and provides early warning of
threat TBM launches by detecting and acquiring targets at very long ranges using autonomous
horizon fence and volume search acquisition modes. The radar performs classification and dis-
crimination to categorize the target type and identify the reentry vehicle. The radar maintains
track on the target and provides in-flight updates to the missile prior to intercept. The TMD-GBR
provides the critical data to allow the THAAD system to perform kill assessment which supports
the decision to commit additional interceptors or to cue lower tier systems such as PATRIOT and
the AEGIS weapon system.
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The Dem/Va phase of the THAAD program includes a comprehensive, integrated, ground and
flight test schedule to demonstrate sufficient design maturity to enter EMD and to verify that the
deployable prototype UOES has operational capability. The test program initially focuses on com-
puter simulation, early breadboard and brass board hardware, and piece-part and component
developmental testing. This testing evolves into subsystem, system environment, and functional
demonstrations, leading into ground and flight system interface and integration tests.

The THAAD test program will ensure that all critical design and performance issues are resolved
early and that the THAAD system will meet all operational and functional requirements. The cen-
terpiece of the THAAD test program will be the flight test program at White Sands Missile Range.
The first flight is scheduled for fall 1994. Missile flight tests will be followed by system tests to
incrementall %/ demonstrate increased performance capability by integrated missile, launcher,
radar, and C°l systems.

The TMD-GBR Dem/Val test program consists of two phases. The first phase consists of contrac-
tor in-plant testing and integration. The second phase consists of government integration and
flight test verification activities at White Sands Missile Range.

In addition to the Dem/Val radar unit, two TMD-GBR UOES units will be developed to support
the THAAD UOES. These UOES versions of the TMD-GBR will be deployable and available to
support THAAD interceptor testing beginning in October 1995.

* FY 1993 efforts resulted in the following accomplishments:
- Conducted initial design review on 20-21 January 1993;
- Demonstrated missile design in wind tunnel tests,
- Completed nuclear hardening study;
- Complete AEGIS/VLS compatibility study;
- Conducted booster and shroud separation testing;
- Began Hardware-In-The-Loop (HWIL) testing;
- Completed TMD-GBR Dem/Val preliminary and critical design reviews,
- Conducted TMD-GBR UOES design reviews,
- Completed TMD-GBR solid-state demonstration array preliminary design review;
- Initiated fabrication of TMD-GBR Dem/Val radar.

»  Work planned for FY 1994:
- Continue subcomponent testing such as seeker, booster, €tc.;
- Conduct final design review;
- Continue HWIL testing;
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- Continue lethality testing;
- Begin TMD-GBR test bed integration;

- Continue TMD-GBR Dem/Va radar fabrication and perform contractor in-plant
testing;

- Begin construction of WSMR facilities;

- Complete TMD-GBR UOES design reviews,

- Begin TMD-GBR UOES fabrication;

- Continue TMD-GBR solid state demonstration array risk reduction program.

*  Work planned for FY 1995:
- Begin THAAD missileflight test program at White Sands Missile Range;
- Continue risk mitigation efforts;

- Complete fabrication and in-plant testing of TMD-GBR Dem/Val and UOES
radars;

- Beginintegration of TMD-GBR into the THAAD System at White Sands Missile
Range;

- Begin THAAD System testing with TMD-GBR launcher;
- Continue TMD-GBR solid-state demonstration array risk reduction program.
- Conduct Objective System Requirements Review (SRR).

2.8.4 Battle Management/Command, Control, Communications, and
I ntelligence (BM/C3I)

Interoperability in BM/C3| is essentia for joint TMD operations. Accordingly, BMDO is taking
an aggressive lead to establish an architecture that all the Services can build upon and is actively
pursuing three thrusts to ensure an effective and joint BM/C| for TMD.

2.8.4.1 C3l Architecture

The C3| architecture for TMD consists of the command and control (C?) structure for theater air
defense; the communications linking TMD C2, weapons, and sensors, and the TMD interfaces to
intelligence systems and other supporting capabilities. Figure 2-11 shows the TMD C? structure
consistent with current doctrine. The rapid time frames associated with the execution of TMD
require closely coordinated command and control for centralized planning and guidance with
decentralized execution. To ensure optimized planning and guidance, BMDO is focusing on
accomplishing the horizontal linkages among the theater command centers and operations cen-
ters, which could be deployed in various combinations over time from one theater or contingency
to another.
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Figure2-11. TMD Command And Control Structure
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Communications for TMD are designed to make target and engagement information available in
near real time to TMD elements at al levels. The functioning of the Joint Near-Real-time Data
Net is shown in Figure 2-12. All Services will interoperate via this net, which will allow early
cueing of sensors and greater opportunity for TBM engagements. This joint data distribution will
result in more successful engagements and less leakage of hostile missiles through our defenses.

The intelligence portion of the architecture focuses on the TIBS and the TRAP. TIBS and TRAP
are satellite broadcast systems which disseminate information from theater and national intelli-
gence resources. TMD forcesrely on TIBS and TRAP, in combination with the Joint Near-Real-
time Data Net, for receipt of launch warning information produced by tactical processors of DSP
data (e.g., JTAGS in the theater or TALON SHIELD in CONUS).

2.8.4.2 BM/C3| Thrusts

BMDO has three magjor thrusts to the TMD BM/C3| program. The first thrust establishes the links
and meansfor in-theater dissemination of launch warning information from space based and intel-
ligence systems external to TMD. As discussed in previous sections, improved capabilities for
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surveillance and launch warning in support of TMD have already been established through the
exploitation of space based systems and development of tactical processing 3prototyp% by BMDO
and the Services. Success in this area was the initial thrust of the BM/C®l program, providing
early and responsive support to user commands from JTAGS and TALON SHIELD, and resulting
in planned 10Cs for the tactical processing systemsin FY 1994 and FY 1995. BMDO continues
its role in integrating the TIBS and TRAP with in-theater communications and operational sys-
tems.

The second thrust of the BM/C3| program focuses on the communication of information via the
Joint Near-Real-time Data Net. In conjunction with the Joint Interoperability Engineering Organi-
zation (JEO), BMDO led a subpanel established under the Joint Multi-TADIL Standards Work-
ing Group to define those joint message formats associated with TMD that must be utilized by all
the Servicesin their TMD role. This activity to define standards and interfaces resulted in agree-
ment on common information needs as well as format for joint TMD messages. A TADIL-Jinter-
face change proposal was agreed to by all the Services and presented to the JEO Configuration
Control Board for approval. This will allow all acquisition activities under the other core pro-
grams to develop the appropriate software to integrate communications hardware with host plat-
forms to ensure these systems can communi cate with each other. BMDO continues to monitor and
influence the Services C3 programs to ensure that funding and schedules support deployment of
TMD weapons systems on agreed time lines. Joint Tactical Information Distribution System
(JTIDS) capahility, for example, will be available for THAAD UOES fielding.

The third thrust of the BM/C®l program directs attention to the Service upgrades of C? centers.
BMDO's central direction and support of hardware and software developments will produce an
integrated C? capability for TMD. This thrust includes BMDO funded software integration, proto-
typing, and evaluation activities such as the Army Combined Arms Tactical Operations (CATO)
and the Air Force Defense Systems Integrator (ADSI) which have been conducted in conjunction
with field and command post exercises such as ROVING SANDS, Operations Concept Devel op-
ment, BLUE FLAG, and CINCs TMD Experiments such as OPTIC NEEDLE. These exercises
and war games raise specific issues in operational practices and procedures; and by providing
essential insights for joint TMD concepts of operations, they allow BMDO to develop the C3I
needed for fully integrated TMD operations. BMDO will develop a TMD Information Architec-
ture (IA) based on the methodology prescribed by the DoD core C2 Model. This effort, aswith the
JTIDS joint message format effort, will define acommon information structure upon which all the
Services can build. BMDO will conduct the IA development, with the Air Force as the lead Ser-
vice to serve as a management tool in ensuring that data flows, processing needs, and display
items are commonly defined across Service C? programs. An additional benefit from building the
information architecture is producing an engineering framework from which TMD can grow in
the future, as needed, to help constitute the capability for a National Missile Defense (NMD).
Finally, BMDO is emphasizing C? center developments in an open architecture with maximum
use of commerical off-the-shelf software. C? information systems that typify this approach
include the Navy's Joint Maritime Command Information System (JMCIS) and the Air Force's
Contingency TACS Automated Planning System (CTAPS).

In a continuous effort to validate the C3| architecture and to measure the progress of the three BM/
C3l thrusts, BMDO is responsible for testing of integrated BM/C®l for TMD. This includes
BMDO sponsored war games which will use thefacilities of the National Test Facility and the
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Advanced Research Center to assist in refining the information architecture through user interac-
tions and quantifying performance parameters to be met by service programs. Additionaly,
BMDO will use end-to-end simulations, man-in-the-loop tests, and Hardware-In-The-Loop tests
to validate BM/C3| requirements and determine that those requirements have been met. To meet
the specific needs of TMD testing, systems integration tests will be conducted using the TMD
System Exerciser (TMDSE) to simulate the operational environment and to drive each of the ele-
ments participating via Hardware-1n-The-Loop. As adistributed test tool, the TMDSE can operate
in a wholly simulated environment or in conjunction with live fire test events to demonstrate
TMD system responsiveness and performance as an integrated whole. The proof-of-principle
demonstration of the TMDSE will be concluded in FY 1994.

* FY 1993 efforts resulted in the following accomplishments:

Initiated TMD subgroup for TMD upgradesto TADIL J;

Produced a draft revised TADIL Jinterface change proposals,

Presented draft TADIL Jinterface change proposal to NATO Data Link Group;
Analyzed loading and availability of Joint TMD net;

Analyzed TMD C3| in support of NATO Research Study Group 16 using The
Extended Air Defense Simulation (EADSIM);

Demonstrated Tactical Operations Center (TOC) prototype during ROVING
SANDS exercise,

Initiated Tactical Processing Working Group;

Upgrades to the modular control equipment for the Air Operations Center.

*  Work planned for FY 1994:

Begin prototyping of Air Defense Command Post;
Demonstrate C? connectivity to national assets;

Demonstrate Operations Concept Demonstration |1 and C*l connectivity in ROV-
ING SANDS 94 exercise,

Develop gateway concepts and conduct trade-offs;

Develop decision support aids for JFACC battle management;

Conduct surveillance data fusion study;

Obtain Configuration Control Board approval of TMD message standard;

Initiate and complete Tactical Information Broadcast Service (TIBS) correlation
algorithm;

Apply open architecture approachesto TMD System Exerciser interfaces and con-
duct proof-of-principle test;
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- Obtain NATO approval of TMD message standard.

- Develop operational interfaces among TRAP/TIBS/Central Tactical Processing
Program (CTPP) message sets;

- Conduct TMD wargame.

*  Work planned for FY 1995:
- Integrate prototype capabilitiesinto Air Defense TOC weapon systems,
- Develop TMD intelligence support template;

- Develop implementation plan for TMD messages on Air Force, Army, and Navy
platforms;

- Complete AOC automation under CTAPS,
- Develop TMD message software;

- Continue TMD wargame.

2.85 Cost Effectiveness

The method by which cost and effectiveness are evaluated is the cost and operational effective-
ness analysis (COEA). A COEA is required at each acquisition milestone. Two of the three core
programs have had a formal acquisition review. THAAD had a Milestone | review, including a
COEA, in FY 1992 as part of the Upper Tier Theater Missile Defense System (UTTMDS). PAC-3
is in the midst of a Milestone IV review and a COEA has been completed. Sea Based Area
TBMD is scheduled for a milestone review in FY 1996. A COEA will be completed to support
this review or earlier if appropriate. The next two subsections summarize the COEAs for PAC-3
and THAAD.

2.8.5.1 PAC-3

The PAC-3 COEA considered three missile alternatives. The baseline was PAC-2 and the PAC-3
aternatives were the Multimode Missile (MMM) and the Extended Range Interceptor (ERINT).
The missiles were evaluated singularly and in combination. For each alternative, a 20 year life
cycle cost estimate for the total system and by subsystem (sensor, BM/C?l, launcher, and missile)
was provided for the following categories: research, development, test, and evaluation; procure-
ment; military construction; operation and maintenance; military personnel; and the total .

Four primary analytical techniques were used. To address lethality issues, two non-scenario spe-
cific methods were employed: intercept analysis and missile area of influence. To address other
issues, force-on-force effectiveness modeling was used including sensitivity analysis of key input
parameters and the Force Effectiveness Model to evaluate excursions. The scenarios used are rep-
resentative of likely situations for PATRIOT employment and include a Northeast Asia scenario
and a Southwest Asia scenario. Threat missiles employing maneuver and penetration aids and
chemical submunitions are incorporated.
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» Some of the key pointsin the PAC-3 COEA were:
- Thereare no significant cost differences between the MMM and ERINT;

- Both the MMM and ERINT meet applicable Operational Requirement Document
requirements and appear operationally efficient;

- The MMM provides greater battlespace;

- The ERINT provides greater firepower and greater lethality against TBMs particu-
larly those with mass destruction warheads.

2.8.5.2 THAAD

The Upper Tier Theater Missile Defense System (UTTMDS) COEA considered five alternatives.
The five aternatives were PAC-3, THAAD, Hypervelocity Gun, AEGIS/SM-2 Block 1V, and the
Israeli Arrow. For each aternative, an equal effectiveness analysis was conducted that determined
the dollars, the manpower, and the airlift required.

Three scenarios were included in the analysis. Southwest Asia, Northeast Asia, and European
Central. In addition to evaluating the five programs, two excursions were conducted: space based
cueing and sea based interceptors.

» Some of the key points are:

- Only THAAD satisfies all the requirements from the UTTMDS Operational
Requirements Document;

-  THAAD isthe most cost effective alternative.

On January 28, 1992 the Defense Acquisition Board approved Milestone | for THAAD.

2.8.6 LifeCycle Costs

The program life cycle cost estimates for the TMD core elements are summarized in Figure 2-13.
The operations and support estimates extend 10 years beyond full operational capability. Thereis
insufficient technical design and schedule information to provide life cycle costs for follow-on
elements.

2.8.7 Units Costs and Production Rates

Figure 2-14 summarizes the units costs and production rate data for PAC-3, THAAD, and SM-2
Block IVA missiles, and the TMD-GBR radar for each year of procurement.
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Figure 2-13. Core ProgramsLife Cycle Cost Estimates - Millions Of Then Year Dollars
Core Programs PAC -3 THAAD System A?Zg EEB'SMedD
ERINT THAAD TMD - GBR AEG&%X&"I’[CAS\M'Z
D nstration
raon 0284 | 1,8833 7638 884.2
Engineering And
Manufacturing 643.5 1,580.3 621.5 296.9
Development
Production 2,680.9 4,803.9 2,344.8 3,665.8*
Acquisition Cost 4,252.8 8,267.5 3,730.1 4,846.9
Operations And Not
: Not
Life Cycle Cost 4,356.6 10,807.6 6,167.8 Available
* Production Jointly Funded By BMDO And Navy. Estimate Reflects BMDO Budget Only
** |ncludes Operations And Maintenance And Per sonnel Cost

2.9 Advanced Concepts

The core programs will provide a significant TMD capability consisting of lower and upper tier
land based defense and lower tier sea based defense. The advanced concepts are those potential
programs that complement the core programs by providing a highly mobile land based defense to
protect mobile forces, a sea based theater wide defense against the long-range TBM threat, and an
airborne capability for boost phase intercept. Sea Based Theater Wide defense was recommended
for funding as a magjor acquisition program in the Bottom-Up Review. However, subsequent
funding reductions changed the program from a funded major acquisition to a candidate concept
for anew start in FY 1998, along with Boost Phase Intercept and Corps SAM.

Advanced concepts employs a rigorous new-start process which emphasizes reduced cost and
advanced technology. Research and development is conducted in areas of interest based on CINC
and user input. Technology and manufacturing processes are continuously developed and refined
to reduce costs and counter the threat. Advanced technology demonstrations are conducted to
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provide early assessment of manufacturing cagpability and acquisition risk in addition to cost and
affordability analyses. An advanced concept is considered for a new start based on national prior-
ities, maturity, capability, effectiveness, lethality, current and projected threat, operational need,
and affordability. If selected for a new start, the advanced concept enters the DAB process. If not
selected, additional R& D may be conducted to further refine the technology and the manufactur-
ing process and to reduce cost.

Currently, three programs are being considered under advanced concepts: Corps SAM, Sea Based
Theater Wide Defense, and Boost Phase Intercept. Corps SAM will provide an easily deployable
defense for highly mobile land forces. Sea based theater wide defense will provide a worldwide
capability to defeat long-range TBM threats without the need for forward basing. Boost phase
intercept will counter submunitions and reactive threats by engaging TBMs early in their flight
paths over enemy territory. Figure 2-15 shows the advanced concepts and the core programs
within the TMD active defense framework.

Figure 2-15. TMD Active Defense Framewor k Core Programs And Advanced Concepts

Land Sea Air
THAAD System Sea Based
Upper (FUE FY 01; i
UOES FY 97) Theater Wide
Boost Phase
Interceptor
PATRIOT AEGIS With SM-2
(FY 98) Block IVA
Lower oc
(FUE FY 99;
Corps SAM UOES FY 97)
JTAGS
DSP TALON SHIELD TPS-59
RADIANT IVORY
BM/C3

[ ] BUR Core Program* [ ] Enhanced Capability
* Emphasizes Upgrades To Existing / Fielded Systems

Combination Gives CINC Flexible
Deployment / Employment Options

2.10 TMD Test Program
2.10.1 Test Program Responsibilities

TMD testing consists of individual acquisition program testing and TMD interoperability tests.
The mgjority of TMD test and evaluation (T&E) efforts will be accomplished by the individual
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acquisition programs and will encompass all requirements mandated in DoD guidance. These test
programs will be documented in the program specific Test and Evaluation Master Plan (TEMP).
Testing to assure interoperability between systems acquired by an individual Service will gener-
ally be accomplished by that Service.

BMDO will sponsor testing to assure interservice operability and interoperability of the TMD
system with external systems. TMD system test requirements are derived from the Ballistic Mis-
sile Defense Capstone Operationa Requirements Document (ORD) and from each of the individ-
ua element ORDs. Those requirements that are not addressed in the program specific test
programs are included in the TMD Integrated Test Plan (ITP), which is the executing document
for the TMD Integrated Test Program. The ITPisaroad map for future detailed test planning and
coordination among test programs, resources, agencies, and other appropriate organizations.

A management team -- the Test and Evaluation Working Group (TEWG) -- has been established
to implement TMD system level testing. The planned test program is documented in the TMD
ITP. Interoperability certification will be provided by the Joint Interoperability Engineering Orga-
nization as required by DoD Directive 4630.5 and JCS MOP 160.

All tests will be conducted in accordance with existing U.S. treaty obligations.

2.10.2 Modeling and Simulation

BMDO makes extensive use of models and simulations, some of which include hardware in the
loop. The use of simulations, models, and test beds for each system is specified in each system
Test and Evaluation Master Plan (TEMP). BMDO's executing agents for TMD development will
make use of existing modeling and simulation capabilities developed and funded by BMDO and
the Services. Each system will utilize system-unique models and simulations within their testing
program, particularly in the early phases, to gain confidence, assess risks, identify technological
limitations, and perform trade-off analyses. These models and simulations will serve to expand
the current BMDO test facility base. Each model and simulation used in the test and evaluation
programs will be formally verified, validated, and accredited for its particular use.

To ensure the models and simulations are credible, BMDO has established a formal Validation,
Verification, and Accreditation (VV&A) process. Each model and simulation used in the test and
evaluation program goes through this process. TheVV& A process has been reviewed by the OSD
staff and received high praise as amodel for other DoD organizations.

The large number of engagement possibilities, constraints on test scenarios, lack of control of the
natural environment, safety, and very large costs are but a few of the challenges that limit live
integration testing. To overcome these limitations, BMDO has several simulations and facilitiesto
support the test program. Key elements include the National Test Bed (NTB), the TMD System
Exerciser, and TMD system and technology simulations.

The National Test Bed (NTB) is composed of a network of DoD research facilities geographically
distributed across the continental United States. These research facilities include the Army's
Advanced Research Center in Huntsville, the National |aboratories, and other service laboratories.
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At the hub of this network is the National Test Facility (NTF), located at Falcon Air Force Base,
Colorado. All of the facilities within the NTB are tied together through secure communication
links which offer secure access to resources available at the NTF. The purpose of the NTF isto:

Provide a comprehensive simulation environment to support ballistic missile defense
design, development, and testing.

Provide real-time simulations to explore TMD operational concepts.

Support air defense, theater missile defense, and space based asset integration and
control studies.

In the long term, become a more general research and analysis center, maintaining a
world class computational capability and the expertise and tools to support nationa
priority programs.

Provide users a verification, validation, and accreditation capability for other modeling
and simulation tools.

The NTF provides analysis activities that employ a full spectrum of simulations, test and evalua-
tion tools, architecture and systems models, threat models and element level tools. The NTF hasa
significant networked man-in-the-loop simulation capability. The NTF analyses provide insight,
technical findings, and recommendations in support of customer requirements. Below is a
description of asmall sample of the capability available.
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The Theater Planning Tool is a fast running, batch processed, end-to-end architecture
analysis tool that supports a broad spectrum of hardware, deployment planning, and
test planning analysis. It allows very flexible and rapid reconfiguration of simulated
architectures and element design features and functions.

The Battle Management/Command, Control, and Communications Element Support
Center provides a centralized environment for integration, testing, and analysis of
products that have been developed throughout the BM/C3l community. The environ-
ment allows BMDO to evaluate the effectiveness and interoperability of various BM/
C°l elements.

The NTF Wargame Simulator provides a capability for evaluating human-in-control
for large-scale missile defense exercises. The NTF provides the wargame facility with
individual command and control positions and the threat and space elements. The NTF
networks to other wargame facilities for the detailed models and human in control
positions needed for individual exercises. BMDO has several mgjor TMD wargames
and other exercises scheduled for FY 1994 and FY 1995.
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The Army's Advanced Research Center (ARC) in Huntsville provides computational support to
the entire group of Huntsville's missile research and development organizations including the
U.S. Army Space and Strategic Defense Command, the U.S. Army Missile Command, and the
PEO Missile Defense. The ARC includes a large array of modern, special and general purpose
computing hardware, a phenomenology library with over 20 years of data on strategic and theater
missiles, and superb facility and software resources for missile scientists. This facility, which
hosts the Extended Air Defense Test Bed (EADTB) and the Surveillance Test Bed, is the devel op-
ment center for the Theater Missile Defense System Exerciser. The ARC has an advanced war-
game facility, interconnects to several CRAY supercomputers, and is networked to a number of
other DoD development facilities.

The Theater Missile Defense System Exerciser (TMDSE) is being developed to help resolve
some of the major theater integration and interoperability issues, both inter- and intra-service. It
will provide areal-time, dynamic, tactical hardware-in-the-loop, system level test capability. The
TMDSE alows for extrapolation from few-on-few system integration tests to full engagement
scenarios in any feasible environment. The heart of the TMDSE is atest and control node and a
theater environment node which will utilize Extended Air Defense Simulation (EADSIM) and
EADTB when available to generate the threat scenario. (EADSIM and EADTB are described
below.) A coordinated threat is then presented to all the TMD elements hooked into the TMDSE
in real time. Tactical operators for these elements will provide the dynamic interface. The
TMDSE will provide the means to evaluate the operation of the TMD system under full loading
and in the presence of countermeasures.

In FY 1994 TMDSE activities will include a demonstration of the capability to link the JTAGS
prototype system at White Sands Missile Range and the PATRIOT Flight Mission Simulator in
Bedford, Massachusetts with the Advanced Research Center in Huntsville. In FY 1995 the
TMDSE will add an AEGIS weapon system node in Dahlgren, Virginia and move the PATRIOT
node to the Software Engineering Directorate in Huntsville. Plans also call for integrating the
Control and Reporting Center functions at the Theater Air Command and Control Simulation
Facility at Kirtland AFB, New Mexico.

EADSIM is amultinational system simulation standard for air defense and TMD studies. Hosted
on a single workstation, it was used as a preplanning tool for Desert Storm and has an installed
base of over 200 systems worldwide. EADSIM is alow-to-medium fidelity model of air and mis-
sile warfare used for scenarios ranging from few-on-few to many-on-many. Each platform (such
as afighter aircraft) isindividually modeled, asis the interaction among the platforms. The model
permits an analyst to evaluate system technical and operationa performance, command and con-
trol, and engagement processes for selected platforms in a variety of battle scenarios. EADSIM
supports architectural analysis and limited system engineering analysis, cost and operational
effectiveness analysis, and acceptance testing.

The Extended Air Defense Test Bed will provide a high fidelity, flexible, user-friendly, computer
based simulation tool for traditional air defense experiments with the added complexity of the the-
ater missile defense threats. It is oriented to large scale scenarios for system analysis and COEA
support. The system will be capable of analyzing full theater level scenarios and will permit eval-
uation of extended air defense systems. Key attributes of the EADTB include an advanced state-
of-the-art graphics interface; highly interactive user control of models and scenario design; an
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accredited models library; extensive and flexible run time and post processing analysis support;
flexible BM/C3| rule sets; low and high fidelity models that can be intermixed per user request;
detailed physical models of phenomenology; and all development with Ada. Initial node installa-
tions are complete at SHAPE Technical Center, Advanced Research Center, and Fort Bliss. Addi-
tional nodes are planned for Kirtland Air Force Base and the NTF. When operational in mid-FY
1994, BMDO will proceed to run a series of BM/C3| experiments on the EADTB to evaluate the
simulation system and provide data for BM/C3| architecture studies.

2.10.3 Live-fire Test Certification

The objective of Live-Fire Test And Evaluation (LFT&E) is to support a timely and thorough
assessment of each system'’s lethality as it progresses through its development and subsequent
production phases. The primary emphasis of the program is on redlistic testing as a source of
lethality information to ensure potential design flaws are identified and corrected prior to full-rate
production.

Live-firelethality testing will be performed as directed in the DoD 5000 Series documents and the
amendments to Chapter 139 of Title 10, United States Code. The DoD 5000 Series documents
require live-fire testing be conducted before a decision for full-rate production but after adecision
for low-rate initial production. BMDO has established and manages a core lethality effort to sup-
port common issues and reduce total costs. Each program office is responsible for developing a
LFT&E program in conjunction with the BMDO provided core effort. The LFT&E program rep-
resents the best alternative to "actual" combat in assessing the systems performance.

Results from LFT&E will be combined with operator-in-the-loop and analytical simulations to
extend the results into larger and more stressing scenarios for theater level, force-on-force analy-
sis. Data from live tests will be used to help validate simulation results. Simulation will also be
used prior to live tests to assist in planning, scoping, and rehearsing scenarios, and to gain insight
into expected performance at the live-fire ranges.

Section 237 of the National Defense Authorization Act for Fiscal Year 1994 requires that live-fire
testing for TMD interceptor programs be completed before proceeding into low-rate initial pro-
duction thus limiting the test to EMD missiles. The Act also requires that live-fire testing involve
multiple interceptors and multiple targets in the presence of realistic countermeasures. To suc-
cessfully complete these tests requires the use of production representative or LRIP missiles.
These missiles are not available until very late in the EMD phase. The requirement to complete
tests before LRIP will cause a substantial schedule delay and increase program cost by several
hundred million dollars.

A legislative proposal to amend Section 237 to expand the methods of test and evaluation used to
demonstrate interceptor performance was included in the Department's omnibus bill proposal for
the legislative program for the second session of the 103d Congress. The proposa would also
provide that the testing be completed before proceeding beyond low-rate initial production.

2-38



Theater Missile Defense Master Plan

2.11 Summary

BMDO is aggressively pursuing an affordable, cost effective, robust, treaty compliant TMD sys-
tem. The comprehensive CINC TMD Experiments Program and the near term improvements are
providing the CINCs and Services afocused program for the development of doctrine, tactics, and
training while making maximum use of existing capabilities. Our leadership in establishing ajoint
BM/C?l architecture ensures multiservice interoperability. These efforts are having an effect now.
The core program will provide a substantial TMD capability with no overlap or duplication of
other existing or planned programs. The advanced capabilities effort provides essential, comple-
mentary capabilities to the core program. The synergistic effect of these efforts will lead to an
effective TMD capability that "...protects U.S. forces, U.S. dlies, and other important countries
including areas of vital interest to the U.S."
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Chapter 3
Limited Defense Systems (LDS) Development Plan

3.1 Introduction

The National Missile Defense (NM D)1 architecture developed in response to the Missile Defense
Act of 1991, as amended, consists of Ground Based Interceptors (GBI) and a Ground Based
Radar (GBR) at an ABM Treaty compliant site; a Battle Management, Command, Control and
Communications (BM/C3) complex; and a constellation of Space and Missile Tracking System
(SMTS)(formerly Brilliant Eyes) satellites. This architecture is shown schematically in Figure 3-
1. The objective architecture continues to be the basis for program development and will guide
the NMD Technology Readiness Program. Although the objective architecture is consistent with
FY 1993 and FY 1994 President's Budget and Reports to Congress, it isimportant to note that the
1993 Report to Congress discussed an NMD acquisition plan while the 1994 Report to Congress
discusses a technology readiness program. Features of the 1993 and 1994 programs are summa-
rized in Figure 3-2. During the course of the technology readiness program, the architecture will
be reassessed periodically to determineif it remains an appropriate approach for arapid response,
contingency deployment to meet ballistic missile threats to the U.S. homeland.

3.2 Program Strategy

The NMD threat environment can be characterized by uncertainty in the timing of abalistic mis-
sile threat to the U.S. homeland. Waiting for the threat to emerge before responding could result
in grave consequences since an acquisition program such as that described in the 1993 Report to
Congress takes arelatively long time to deploy. Therefore, the basic strategy for NMD isto pre-
serve the opportunity to field timely and effective ballistic missile defense for the U.S. homeland.
This program which is less than an acquisition and deployment commitment is designated the
NMD Technology Readiness Program. It is designed to develop the objective system capability
by progressively establishing increasingly capable options to deploy. The program retains the
flexibility to continue as a technology readiness program, breakout into a contingency deploy-
ment, or transition to an acquisition program.

The NMD Readiness Program will focus future investments on resolving key system level techni-
cal challenges. Thiswork includes technology development as well as planning to reduce deploy-
ment lead times. The program will also use past BMDO and DoD investments and leverage TMD
programs.

3.2.1 Evolving Technology Readiness

A key feature of the NMD technology readiness program is that as technology matures, deploy-
ment opportunities with increased system effectiveness will be available. Significant increasesin
technology capability are expected by the end of the following time frames: early FY 1995-1997,

1L imited Defense System (LDS) will be referred to as National Missile Defense (NMD) throughout this
chapter of the report.
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Figure 3-1 NMD Objective Architecture

Space And Missile Tracking System
(Brilliant Eyes)

Command
Level BM/C3

Battery BM/C®

mid term FY 1998-2000, and objective system FY 2001-2003. Deployment planning will focus
on reduction of lead times and risks and will be updated on an annual basis.

The investment strategy for FY 1995-1997 will focus on improving the elements of the objective
system and performing contingency analysis and deployment planning. The highest priority isthe
Exoatmospheric Kill Vehicle (EKV) project. The emphasis is on maturing kinetic kill vehicle
technology to establish confidence that we can reliably "kill a bullet with a bullet.” Planning
activities that will reduce deployment lead times will also be pursued. Initial battle management
software capability will be developed by evolving TMD battery level BM/C3 for strategic
defense. NMD radar work will leverage TMD radar development. Radar technologies which
address NMD unique issues will be pursued.

The objective for FY 1998-2000 is to continue development toward the objective system capabil-
ity while also reducing risks. Deployment planning during this time period will receive additional
emphasis. The EKV will be integrated with aradar technology demonstrator. BM/C3 capabilities
will be improved. The SMTS program will launch two flight demonstration satellites with MWIR
sensors and demonstrate space based sensor cueing. Technology infusion programs will continue.

For FY 2001-2003, the goal is to complete technology readiness of the NMD objective system
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Figure 3-2. Transition To NMD Technology Readiness Program

FY 93 Report To Congress On BMD

FY 94 Report To Congress On BMD

NMD System Acquisition

» Acquisition Strategy
- Threat (GPALS, Up To 200 RVs)

- Core Program For Single Site
System Acquisition

- UOES Contingency Deployment
Option

- Multisite NMD Architecture

« Initial Capability Of Single Site
(Production Level): FY 04

* UOES Contingency Deployment At Initial Site In
FY 00, If UOES Decision Made In FY 97
Note: Acquisition Program Continues With Parallel

Technology Development For Production Of Initial
Capability For First Site Deployment

* Multisite Deployment In FY 06-12

NMD Technology Readiness

* Technology Readiness Strategy
- Threat (Limited Number Of RVs)
- Element Technology Development

- Contingency Responses Deployable
At Anytime

- Demonstrate Objective Architectural

Capability In FY 04 At An ABM
Treaty Approved Site

» If A Deployment Decision Is Made And Funded
Beginning FY 04
- Initial Objective Capability Of Single
Site (Not Production Level): FY 08
* Initial Capability Of Single Site As Early As
FY 02, If Contingency Decision Made In FY 97
Note: Parallel Technology Program Could

Continue Toward Objective Capability

* Planning For Single Site Only

capability. The EKV and booster are integrated into an interceptor with subsequent flight testing.
The LWIR SMTS will be developed. Technology infusion programs will also be supported
throughout this time period for possible future insertion into NMD elements. In addition, updates

to contingency deployment planning will continue.

In devel oping the Technology Readiness Program, priority is placed on using the time and dollars
available to pursue the most technically challenging activities, or "long poles." Activities identi-
fied aslong poles are known to be difficult, require along time to compl ete, increase performance,
or have high payoff with desired outcome. Key technical challenges will be resolved during the
Technology Readiness Program. Representative technical challenges are:
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| nterceptor

KV & Seeker Design
KV Dormancy

Hand over/Field of View
Endgame Target Object
Map

Increase seeker sensitivity, decrease KV weight
Increase reliability and availabilty

Achieve higher divert velocities, increasefield of view
Improve target selection and aim point selection

Sensors

Cryocooler Performance - Achievelong life and high reliability, low temperature, low
vibration, and enhanced stability

Optics Producibility - Produce radiation hardened mirrors with required performance
Sensor Discrimination - Develop new agorithms and collect X-band and optical data on
targets and background

LWIR FPA Producibility Increase yield and improve low noise performance

BM/C3

Information Architecture
Real-Time Distributed

Develop for system with rigorous real-time system requirements
Develop concurrency of data across multiple nodes

Data Bases

High-speed Network - Develop new capability to provide end-to-end encryption of links
Security

I nterfaces

BM/C3 to I nter ceptor - Correlate RF data with SMTS IR data to produce accurate Target

Object Maps (TOMs)

High Risk Trade Studies - Specify sensor hand over error and interceptor seeker field of
view and performance with high confidence

3.2.2 Deployment Planning

The process of developing deployment plans begin with identified objectives associated with a
particular deployable option. As discussed earlier, deployable options will be available through-
out the path leading to the objective system. Specific deployment requirements for a particular
option will be fully defined during the applicable period. NMD studies and TMD programs will
be important sources for determining those requirements. Even more important is the information
resulting from analysis and tests performed throughout the NM D Technology Readiness Program.
The real challenge is to identify associated risks that have high potential for impacting deploy-
ment times. This can be particularly challenging in certain cases where NMD unique deployment
requirements are difficult to address. We will emphasize simulation and modeling methods to
address this. Extensive simulation and modeling methods available through government facilities
such as the National Test Bed (NTB) will be used in such tasks as analyzing support operations,
determining manpower estimates, and establishing construction requirements. In the case of man-
ufacturing and producibility, computer modeling will be used to determine engineering develop-
ment requirements and potential production line bottlenecks.  Once risk areas have been

3-4



Limited Defense System (LDS) Devel opment Plan

determined, applicable plans on how to mitigate risks will then be devel oped.

One approach that can significantly reduce deployment lead time is stockpiling of selected time
critical components. Although no decision has been made on the use of stockpiling, it isaviable
option which could reduce deployment lead times. Since stockpiling selected time critical com-
ponents can be costly, trades between stockpiling, deployment time, and system capability will be
performed and assessed to determine the scope of its applicability.

A test and evaluation program for contigency deployment will be developed. Planning efforts
will be focused on how verification and confidence levels of components and systems can contrib-
ute to contingency deployment. Test strategy, availability of hardware and facilities, and analysis
assessments will be considered. These efforts will be adjusted based on assessments of technol-
ogy maturity and resulting deployment requirements. Other factors which will affect test plan-
ning include changes in the national testing capabilities and test facilities infrastructure, training,
manpower, and capabilities of system users. These will be tracked and monitored, and will be
incorporated into deployment decisions.

Other deployment readiness planning areas have also been identified and include the following:
environmental compliance requirements, site selection and activation planning, deployment cost
estimates, maintenance concept, and human system integration assessment, personnel and train-
ing. Also part of the planning process is the assessment of industrial base capabilities and early
operational suitability assessments. These options will be updated so that as technology matures,
adjustments will be made to reflect increases in capability, reduced deployment times, and reduce
risks.

The potentia to reduce deployment lead time will be developed, but an important factor in
achieving successful deployment is the iterative development process involving designers and
operators. Operators will play an integral part of the process in developing the concept of opera-
tions which will aid further determination of specific system requirements.

3.2.3 Deployment Opportunity and Threat

An early term deployment capability could result from deployment of the following elements:
Defense Support Program (DSP) for early warning surveillance, upgraded early warning radar as
the midcourse sensor, a ground based kinetic kill interceptor based on the EKV, a ground based
radar as an active sensor based on the TMD-GBR, and the first block BM/C3. A single site, treaty
compliant system providing limited defense for the Continental United States (CONUS) against a
small number of large, warm unpenaided warheads could be deployed.

For the mid term option, the deployable elements continue to include DSP, a better integrated and
tested ground based radar, upgraded early warning radars, a ground based interceptor based on an
improved Exoatmospheric Kill Vehicle (EKV), and the second block BM/C3. A medium wave-
length infrared (MWIR) capable SMTS would aso be available as an over the horizon, midcourse
sensor. This option would aso be single site, treaty compliant. Limited defense protection for
CONUS and Alaskais possible against a small number of large warm warheads and a small num-
ber of small cool warheads.
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For the objective system option, the deployable elements include DSP (or DSP follow-on),
Ground Based Radar (GBR), an LWIR SMTS as the passive midcourse sensor, Ground Based
Interceptor (GBI), and the third block BM/C3. Deployed as a single, treaty compliant site, the
objective system could provide a high level of protection for CONUS and Alaska. In addition,
limited defense protection could be possible against multiple warheads with contact fusing and
penetration aids.

In al deployment opportunities discussed above, higher levels of protection are possible with a
multiple site defense system. However, this approach is not treaty compliant.

3.3 Element Development

The baseline NMD architecture includes the NMD battery, which consists of the GBI, the GBR,
and the Battery BM/C3. The Battery BM/C? interfaces with Command level BM/C3 and performs
integrated engagement operations.

The following is a description of the development of each element of the baseline NMD architec-
ture.

3.3.1 Ground Based | nterceptor

The Ground Based Interceptor (GBI)2 Is designed for hit-to-kill (nonnuclear) intercepts of Inter-
continental Ballistic Missile (ICBM) and Submarine Launched Ballistic Missile (SLBM) reentry
vehicles (RVs) in the ballistic midcourse phase of their trgjectories. Midcourse sensors (such as
GBR, SMTS satellites and early warning radars) will acquire, track, and transmit threat data to the
BM/C3 system. The BM/C3 will cue the ground based radar, commit the interceptors, and provide
updates as available. Using on board sensors and datafrom SMTS and GBR, the interceptors will
acquire the threat cluster, select the enemy reentry vehicle, and through body-to-body impact
(kinetic kill), destroy it.

The strategy for GBI development concentrates initially on the difficult technical issues of the
interceptor front end, the Exoatmospheric Kill Vehicle (EKV). Booster development for the NMD
interceptor is not along pole technical issue and will be addressed later with new contracts. The
competitively avarded GBI-X contracts, in place since October 1990 to address EKV technolo-
gies, have been selected to meet early NMD technology readiness requirements. The Army man-
aged program will also include Air Force and Navy input for a more generic EKV development.
A joint service coordination group has been established to refine the program content and to
ensure the products are responsive to multiservice EKV needs. The program, renamed EKV to
reflect the multiservice aspects and the broad nature of the GBI-X contracts, is shown in
Figure 3-3.

GBI is comprised of three main subsystems. Exoatomospheric Kill Vehicle (EKV), booster and launch/
ground support equipment, and command and launch equipment. The EKV is aso referred to as the
Kinetic Kill Vehicle (KKV) or kill vehicle (KV).
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For FY 1995-1997, objectives for the EKV research and development effort are to expand the
engagement envelope through improvements in on board sensor acquisition range, discrimina-
tion, aim point selection, and divert velocity. These improvements will require iterating design,
fabrication, and testing over the next three to four years. In FY 1994 the EKV contractors will
mainly conduct ground tests of their brass board seekers. Contractor down selects are planned in
the third quarter of FY 1994 and again in FY 1996 following a design review and sensor flight
tests. The remaining EKV contractor will complete kill vehicle design, fabrication, integration,
and Hardware-In-The-Loop (HWIL) ground testing prior to a planned intercept flight test against
athreat representative target in late FY 1997.

During FY 1998-2000, we will accomplish infusion of technology advances and/or other mission
requirements and demonstrate, through HWIL ground testing and flight testing, increased reliabil -
ity, effectiveness, and EKV/Radar/BM/C? interoperability. In addition, performance will be
tested using threat representative targets. By FY 2000 the EKV will be characterized in alimited
operational environment with most active sensor interface issues addressed.

To complete technical readiness of the objective system, development efforts will systemize the
EKV into an interceptor by developing and integrating booster and ground support interfaces and
demonstrating interoperability with advanced sensors and the latest BM/C2 configuration. Plans
exist to develop advanced interceptor sensor and target selection capability depending on the sta-
tus of the threat. Integrated testing and manufacturing issues would be addressed to further
reduce contingency deployment time lines.

Interceptor technology development during FY 1995-1997 will be conducted to reduce risk and
cost of the EKV. Technology programs in these areas are currently in progress. They emphasize
nuclear hardened LWIR focal plane array producibility and automated testing, discrimination
software, communication, materials, and structures. During FY 1998-2000, technology programs
in lightweight LADAR, active sensor packaging, wide field of view cooled optics and divert pro-
pulsion will be conducted. These programs will enhance mid term EKV-2 capability if the threat
requires such aresponse. In afew cases, where more time is needed to develop the technology,
these programs will begin during FY 1995-1997. During FY 2001-2003, the EKV and booster
will be synthesized into an interceptor to demonstrate its required performance. Also, technology
programs may include integrated active/passive sensor, on board active/passive discrimination
and aretina (smart) sensor.

In summary, this evolutionary development of a GBI for National Missile Defense provides alow
risk, methodical approach to address both technical issues and funding limitations. This strategy
does not include a planned entry into system development but continues to protect an evolving
deployment option should fielding be required.

3.3.2 Ground Based Radar

The NMD-GBR will detect, acquire and track Reentry Vehides (RV's) and provide support data to
the BM/C3, which combines data from all available sensors and transmits the data to the intercep-
tor during exoatmospheric engagements. The NMD-GBR can operate autonomously or use
range-extending cueing support provided by BM/C? for other space and ground based sensors.
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The NMD-GBR provides data to support weapon target assignment, sensor fusion, kill assess-
ment, and employment option decisions. The NMD-GBR will aso provide data to support preci-
sion tracking, impact point prediction and signal/data processing for exoatmospheric
discrimination and classification in support of the interceptor.

The NMD-GBR program was restructured into a Radar Technology Demonstration (RTD) pro-
gram that will leverage theater missile defense ground based radar devel opments to resolve criti-
cal issues in a cost-effective manner. The basic NMD-GBR design was originally planned to
utilize traveling wave tube technology, but will now use solid-state technology to fully leverage
TMD-GBR investment. Initia efforts of the restructured program will resolve the following crit-
ical NMD-GBR technology issues: discrimination, target object map, mechanical/electronic scan,
and kill assessment.

The RTD program (see Figure 3-3) will transition from algorithm development to real-time soft-
ware and hardware-in-the-loop simulation, and finally to radar technology testing as follows:

» Enhance TMD software for NMD applications;
» Code newly developed NMD algorithms;

» Develop NMD real-time simulation to run on an existing NMD-GBR data proces-
sor driven by simulated data;

» Demonstrate software performance;

Support integrated testing.

A key technical activity is the installation of the RTD demonstrator at the Kwajalein Missile
Range. In FY 1995, the RTD would be extended in two ways. (1) conduct hardware-in-the-loop
efforts to resolve a higher percentage of the critical issues, and (2) test additional existing TMD
hardware to validate and resolve NMD critical issues. In the second increment, the TMD-GBR
Dem/Val radar hardware will be converted to a larger, limited field-of-view unit which has suffi-
cient range to support NMD requirements. Also starting in FY 1995, additional solid-state Trans-
mit/Receive modules would be purchased for the conversion of the TMD-GBR Dem/Val radar
into the RTD. The conversion would start at the end of FY 1997 and the RTD would be available
to support integrated testing in FY 1999. Later, this radar will be used in integrated testing with
EKV and eventually the entire NMD system.

The radar technology program supporting the NMD-GBR is formulated to provide a technical
base for GBR. This program develops the advanced radar technology base necessary to meet the
functional performance requirements of large aperture, phased array radars to support ballistic
missile defense during all phases of threat flight. Emphasisis placed upon endo- and exoatmo-
spheric tracking, fire control, and engagement functions with focus on developing solid-state RF
components, fiber optic interconnects and waveform generating and processing components.
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3.3.3 Spaceand Missile Tracking System

The Space and Missile and Tracking System (SMTS), formerly known as Brilliant Eyes (BE)3, is
a space based sensor system equipped with asuite of Short Wavelength Infrared (SWIR), Medium
Wavelength Infrared (MWIR), and Long Wavelength Infrared (LWIR) and visible sensors
designed to support strategic and theater ballistic missile defense. A constellation of SMTS satel-
lites provides global tracking of ballistic missiles in their boost, post boost, and midcourse phases
in response to directed tasking from the BM/C® system. In peacetime, SMTS operations include
supporting Air Force space surveillance missions and monitoring and collecting data on ballistic
missile tests worldwide.

SMTS tracking data supports command and control, active defense, passive defense, and attack
operations by providing highly accurate estimates of the inbound missil€'s trgjectory. SMTS pro-
vides continuous tracking of ballistic missiles in flight to support situational awareness, appor-
tionment, and the optimum allocation of defense assets. SMTS provides support data to the BM/
C3, which combines the data from all available sensors and transmits the data to the interceptors.
SMTS provides data to support weapon target assignments, target discrimination, kill assessment
and employment option decisions. As an over-the-horizon sensor, SMTS allows the interceptors
(ground based interceptors, theater high atitude area defense and sea based upper tier) to have the
maximum time for fly out, generating the largest possible defended area from each interceptor
site. To increase radar detection range, SMTS cues ground and ship based radars so they can
focus their energy into smaller volumes to acquire the reentry vehicles earlier. The interceptors
can be launched and updated based on SMTS track data. SMTS data can be converted into accu-
rate reentry vehicle impact point and time predictions, enabling defensive measures to be taken.

SMTS sensor development will continue toward the objective capability (see Figure 3-3). The
strategy for SMTS development concentrates on technology maturity, performance, and produc-
ibility of the most stressing technologies and functional demonstrations of sensor and system
design and operations. In FY 1995-1997, the objectives are to demonstrate technology maturity
and performance of the focal planes, cryocoolers, processors, and communication components
and demonstrate the sensor performance and validate the design through software computer ssmu-
lations and hardware-in-the-loop demonstrations.

During FY 1998-2000 the flight demonstration satellites will be launched. These satellites will
demonstrate all the functional operations of the SMTS, collect phenomenology data, and demon-
strate technology performance. Although not in real time, these satellites will also demonstrate
interoperability with TMD elements through joint tests and off-line data analysis. The flight dem-
onstration satellites will not have the full complement of sensors necessary for NMD support.
Ground tests of prototype, flight-ready long wavelength infrared sensors will provide validation
of the design and performance of the more advanced sensors necessary for NMD support. This
datain concert with the on-orbit flight demonstration data will demonstrate all critical operational
issues and fulfill decision criteriafor a deployment decision.

For the objective system period FY 2001-2003, the focus will be on operational issues, design,

3Although management of BE transfered to the Air Forcein FY 1994, this plan includes a discussion of BE
becauseit isan integral part of the Ballistic Missile Defense system. Also, the FY 1995 DoD budget funds
the BE program, now SMTS, through BMDO beginning in FY 1995.
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and advanced sensor testing as risk reduction. Fabrication of advanced demonstration satellites
with the full complement of sensors will be complete and integrated tests with NMD systems per-
formed using the flight demonstration satellites in a non-real-time mode.

Technology development programs supporting SMTS will include LWIR FPA producibility and
performance, 20/44/60 gigahertz communications, 10° Kelvin, 40° Kelvin, and 60° Kelvin cryo-
coolers, and radiation hard avionics. These programs will be conducted to enable capabilities
required of the SMTS constellation.

Currently, the SMTS program is in the demonstration and validation phase with two contractors.
Transitioning from acquisition to part of the technology readiness program with two contractorsis
under review. Restructuring the SMTS contracts will occur in FY 1994 to one contractor to
develop and fly two flight demonstration satellites and the other contractor maintained as risk
reduction in techology development, system design, and system engineering.

3.3.4 Battle Management Command, Control, and Communications

Ballistic Missile Defense (BMD) Battle Management Command, Control, and Communications
(BM/C3) systems provide the mechanisms and interoperability necessary to execute the United
States Space Command Concept and Operations (CONOPS). Also, it will provide support to all
operational aspects of command, control, and communications. Human-in-control decision pro-
cesses are required to select and issue system control directives. System control is used to carry
out CINC directives involving sensor tasking, communication tasking, weapon tasking, data
fusion, and other functions. The Battery BM/C? includes a single interface to the Command level
BM/C3. Multiple types of command and data are provided to the Battery through this interface,
including sensor tasks, weapons release, battle strategies and tactics, Early Warning and SMTS
sensor data, and tasking to support engagement planning based on SMTS precommit data, if and
when applicable. Battery BM/C3 engagement planning operations will control the development
of fire control solutions for battle execution.

BM/C3 systems will be a combination of existing, modified and new capabilities consisting of
human-in-the-loop methods, processors, software, and communications media. Since BM/C3
controls system behavior and drives element interfaces, BM/C3 must be designed, evaluated, and
updated with user interaction. Incremental blocks of BM/C? prototype devel opments will be used
to evolve required NMD functiona capability (see Figure 3-3). Each incremental software build
will be evaluated by the user (USCINCSPACE) to ensure the final software block represents the
system behavior required. User involvement is key in helping to reduce development and deploy-
ment times.

The Battery BM/CS effort will focus initially on weapons control/communication/engagement
software, and human-in-control functions, demonstrating these functions with commercia hard-
ware. During FY 1998-2000, the Battery BM/C? will address the sensors control/integrated/
engagement planning capability, completing the remaining Battery BM/C3 functions, and refining
the human-in-control functions to include the Commander-in-Chief (CINC) interface for this sec-
ond build. The Battery Engagement Planner component will leverage Build 1 and Build 2 proto-
types from existing BM/C* agorithms, simulations, and hardware-in-the-loop capabilities plus
use of THAAD and TMD developed communications hardware and software and BM/C2 ago-
rithms.
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The strategy involving close user interaction is as follows: (1) develop an interactive object ori-
ented prototype BM/C? software architecture; (2) construct a hardware network to implement the
BM/C3 architecture and connectivity to weapons/sensors; and (3) grovide avirtual environment
including real-time distributed data bases to demonstrate the BM/C® network under various threat
conditions.

BM/C2 philosophy will follow two criteria: (1) evolution from top-down requirements, and (2)
interface support provided from current/modified system, evolving functionally to the objective
system. In FY 1995-1997, limited capabilities will support FY 1996 EKV tests evolving to an
Integrated Flight test demonstrating BM/C2 in-line to interceptor operations. BM/C? places tests
in an operational context by using surrogate sensor processing, limited engagement planning,
human-in-control, situation support, and basic communications planning and scheduling. BM/C3
block developments will also demonstrate end-to-end operations through sensor processing, sen-
sor planning and scheduling, sensor correlation and hand over, enhanced decision aids, and real-
time In-flight Target Update (IFTU)/Target Object Map (TOM). During FY 1998-2000, block
developments will demonstrate BM/C® through complete decision support environment and
external system interfaces, operational demonstrations, peacetime operations, and the application
of fielded TMD lessons learned. A key feature in this time period is for BM/C3 to integrate the
RTD demonstrator with the EKV. During FY 2001-2003, the program will demonstrate that criti-
cal BM/C3 technologies can be incorporated into the open architecture, prove critical processes
are understood and attainable, develop information to support transition, and establish the base-
line cost, schedule and performance objectives.

BM/C3 technology will include 20/44 gigahertz communications, programmable modem and
ground entry point antenna, and high-speed network security. These technologies will enable the
BM/C3 capability needed for FY 1998-2003. Processes demonstrated over the past years prove
the reliability of incrementally maturing BM/C® capabilities. Under the Technology Readiness
Program, a command and control facility is envisioned in Colorado Springs, Colorado and an
engagement planning facility at Huntsville, Alabamato serve as demonstration and validation test
facilities. The facility will also have the potential for upgrade for advanced testing or operational
use.

34 TMD Program Leveraging

The Technology Readiness Program will capitalize on those technol ogies matured through devel -
opment and fielding of theater missile defense systems. The development of ground based radar
for the TMD, which has a high degree of commonality with the radar envisioned for NMD, will
reduce costs and lead times for NMD-GBR. It is anticipated that approximately $70M will be
saved and 65-70% of the TMD-GBR hardware/software development will be common to the
NMD-GBR development. The Radar Technology Demonstration (RTD) program will leverage
off the TMD-GBR program in both the software and hardware areas. NMD-GBR unique critical
issues of discrimination, target object mapping, mechanical and electronic scan, and kill assess-
ment will be resolved separately and integrated into the RTD.

The resulting RTD design will use existing TMD hardware by incorporating the 12,500 TMD-
GBR Dem/Va Solid-state Transmit/Receive modules into the RTD antenna (50% of the total
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requirement). Additionally, the RTD will reconfigure and utilize the existing TMD-GBR's Cool-
ing Equipment Unit (CEU), Operator Control Unit (OCU), and Electronic Equipment Unit
(EEV).

Although the NMD and TMD missions differ significantly, the EKV program will leverage off of
TMD technology developments to the maximum extent practical. Stressing challenges that are
similar in both NMD and TMD include issues such as on board sensor fusion, BM/C* interfaces,
logistical support, wafer scale integration electronics, and producibility of certain subcomponents
such as Inertial Measurement Units (IMUSs).

NMD BM/C3 is functionally similar to the TMD BM/C3 in terms of information architecture, sit-
uational assessment, and battery level engagement operations. Both BM/C? batteries interface
with the command level BM/C® and perform integrated battery engagement operations. The
NMD BM/C? battery will leverage off the TMD firing battery concept.

Acquisition streamlining techniques developed for TMD programs will be considered for applica-
tion in reducing deployment lead times for a possible NMD deployment.

3.5 Cost of aSingle, ABM Treaty Compliant Site

As required, this report is to provide the additional funding required and the additional time
required after FY 1999 in order for initial deployment of alimited, ABM Treaty compliant capa-
bility at asingle site.

The NMD Technology Readiness Program, based on an average of $600M per year during FY
1995-1999, will develop element technology along a path leading to a demonstration of an inte-
grated system of the objective architecture. As these elements and associated technologies are
developed, deployment opportunities will become available. To determine deployment costs of a
single site, ABM Treaty compliant system, the following assumptions were made about when a
decision to deploy is made, the urgency of deployment, maturity of the element and applicable
technology, and arequired level of system performance.

(1) Decision to deploy is made at the end of FY 1999
(2) Thetechnical progress expected to be made during FY 1995-1999 is actually achieved

(3) Need to deploy is urgent, and time to deploy alimited initial capability isthe key mea-
sure of merit

The deployable system will consist of those elements and technologies that have successfully
completed planned development activities by the end of FY 1999. Urgency will be reflected in
waivers to specifications, testing requirements or procurement procedures, all in the interest of
saving time. Development, testing, and production will be concurrent. It is estimated that
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deployment of a crisis capability could be completed in less than three years (but could take as
long as five years depending on the degree of streamlining allowed) from the decision to proceed.
Estimated costs are $6-8B for FY 2000-2004. This deployment option consists of a single ABM
Treaty compliant site at Grand Forks with 20 interceptors and a ground based radar (available FY
2002-2003), block 2 of BM/C3, DSP satellites, and a constellation of 18 SMTS satellites with
medium wavelength infrared sensors (available FY 2003-2004). The defense system will be the
mid term option described earlier in Section 3.2.3. The threat capability is also described.

3.6 Program Alternatives

In addition to describing the current LDS development plan, and addressing the added cost and
time required to deploy aninitial NMD capability assuming the currently planned $600M per year
from FY 1995-1999, the FY 1994 National Defense Authorization Act also requested that the
Department address two alternative FY DP funding assumptions, $750M per year and $450M per
year from FY 1995-1999.

3.6.1 Averaging $750M Per Year

The funding level of $750M per year during FY 1995-1999 would provide three advantages: (1)
reduced risk levels, (2) increased defense system capability, and (3) shorter development and
deployment times,

The funds would primarily be allocated to EKV research and development to increase testing to
minimize risks. This will allow the continuation of a second contractor throughout FY 1995-
2000. Since the first opportunity to fly a complete kill vehicle prototype against a representative
threat target occurs late in FY 1997, a second technical approach using another contractor would
greatly reducerisk. Thisrisk reductionis particularly critical prior to demonstrating an integrated
interceptor (EKV and booster) with other sensors and BM/C2 for the objective system.

Significant additional funding would also be provided for the SMTS to accelerate the LWIR
ground testing, and schedule for the development of an LWIR capable SMTS. Thiswould lead to
the inclusion of the LWIR SMTS as part of the contingency deployment architecture at the end of
FY 1999. The LWIR SMTSwould be available for deployment around 2005.

A reduction in deployment time is primarily due to conducting tests during technology devel op-
ment that would have been deferred until after a decision to deploy was made. In addition,
deployment time will be further reduced due to increased effort expended on deployment plan-
ning activities. It is estimated one year is saved in development time by doing the above activi-
ties.

Technology insertion efforts would be at reasonable levelsinsuring the infusion of the appropriate
technology which would provide increasing system capabilities.

In summary, the program under this funding level would achieve the following: (1) accelerated
development by approximately one year, (2) reduced system performance risk, and (3) reduced
deployment time by approximately one year.
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3.6.2 Average $450M Per Year

This funding level could seriously damage our NMD readiness strategy and would likely permit
projected third world threats to the homeland to materialize prior to any viable NMD deployment
capability. At thislow investment rate, the overall NMD development cost significantly increases
as does the time required to develop and deploy the capability needed to overcome existing ballis-
tic missile threats.

The EKV program is the most critical of the technology long poles and would remain top priority
within this very limited funding. However, funding for the EKV program would need to be
reduced in order to be consistent with a stretched out schedule for development of the other ele-
ments of an objective NMD system. This would increase EKV development costs. The SMTS
program is undergoing a process to down select from two to one contractor based on criteria to
first develop a sensor to view relatively warm targets and later a sensor to view more stressing
colder targets. Reduced funding could put into jeopardy the strategy upon which the down select
process was based as well as increase schedule and costs for SMTS. The radar technology dem-
onstration would experience delays in hardware purchases that would increase overal costs due
to not being able to take advantage of TMD production runs of transmit/receive modules; one of
the basic components of the radar.

In summary, the reduced for EKV, SMTS, and GBR projects would result in delays and increased
costs compared to a $600M per year funding level. The overall delay in development of the
objective system capability (as opposed to a crisis cgpability) would be at |least two years and the
increased costs in deployment of an initiadl ABM treaty compliant site could be about $1.3B.
There will be very limited effort on system integration and technology insertion, and almost no
effort in deployment readiness planning. These efforts are critical in addressing key systems
issues such as element integration, and they are essential to being able to reduce deployment lead
times.
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Chapter 4
Advanced Technology Development Strategy And Programs

4.1 Technology Investment Strategy

The BMDO strategy for investing in technology development takes the philosophy that while we
shift the focus and vision of Ballistic Missile Defense (BMD) to acquiring Theater Missile
Defense (TMD) systems that meet today's requirements, we would be shortsighted to forget
potential future requirements and the technology needs of tomorrow. Accordingly, these BMDO
efforts concentrate on affordable, high payoff technologies that can:

» Enable and assure the continuing vitality and potential improved performance and
affordability of the deployed TMD system;

» Demonstrate the technology base to defend against advanced threats such as chem-
ical and biological warheads, early release submunitions and nuclear weapons;

o Offer dternate system approaches that can provide major increases in TMD and
NMD capability against an evolving threat and are achievable within 15 years.

In essence, we are devel oping the technology that is essential to meeting the BMDO mission.

In keeping with Congressional direction contained in the FY 1994 National Defense Authoriza-
tion Act, several BMDO managed technology programs directed towards far term ballistic mis-
sile defense have been transferred from BMDO management. A discussion of the programs
transferred is summarized in Chapter 5 of this report.

4.2  Technology Needs

To maintain the vitality of aBMD architecture over time, technologies being devel oped must pro-
vide options for improvements to deployed defenses that evolve and/or replace those deployments
with new capabilities to respond to a range of needs. Among the most important of these needs
are capabilitiesto:

* Meet straightforward countermeasures such as proliferation of defense aim points
by creating a debris cloud by purposefully breaking up the spent booster of the
Theater Ballistic Missile (TBM);

» Cope with threat evolution such as advanced submunitions that improve the effec-
tiveness of the attacking missile, longer range missiles that enlarge the areas that
can be attacked, and increasing the target complexes that must be defended; and
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» Handle a proliferation of balistic missiles and an increasing number of countries
possessing them. This greatly expands the potential battle space, increases the
potential for surprise, and leads to the need for rapid deployment of TMD to
counter rapid escalation of a conflict.

To prepare to meet these future needs, the BMDO is investing in the high leverage technologies
that can provide:

» Boost phase intercept that can defeat proliferation, tactics, and warhead deploy-
ments designed to saturate midcourse and terminal tier defenses,

» Continuous coverage, that defends against surprise attack or during the early
stages of rapidly escalating conflicts,

* Exo- and endoatmospheric intercept with high probability of kill a lower cost,
thus expanding battle space, enlarging defended areas and overcoming simple
countermeasures,

* Multi-sensor detection and tracking that extends through the missile flight path,
and

» ldentification and discrimination that can support early assured targeting.

Figure 4-1 diagrams the future threat in terms of capabilities needed and potential technology
solutions. Arrows point from each critical technology solution to the mission needs which that
solution addresses.

Many of these future mission needs can be met with boost phase intercept weapons and their asso-
ciated and/or integral acquisition and tracking systems. Early boost phase intercept is a powerful
deterrent since debris from the intercept falls back near the attacker far from defended territory.
This could serve as a powerful deterrent against further development and proliferation, or actual
use of chemical, biological, or nuclear warheads. Furthermore, as the range of ballistic missile
threats increase and types of warheads proliferate, the importance of boost phase intercept
increases dramatically. Intercept in the boost phase near the point of launch of the attack provides
large defended areas and simplifies the identification and discrimination problems brought on by
multiple warheads and simple penetration aids, thus allowing more affordable defenses. Addition-
ally, boost phase intercept can concentrate on aggressor launch sites rather than coordinating large
numbers of terminal defenses with limited coverage deployed to defend the increased numbers of
potential targets brought under attack.

Space Based Lasers (SBL) cover the widest spectrum of anticipated mission needs. Such weapons
would be equipped with highly capable Acquisition, Tracking, Pointing and Fire Control (ATP-
FC) systems. The SBL-ATP system can acquire, track and point the high energy beam over thou-
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Figure 4-1. Technology Needs

Future Capabilities Needed

Advanced Component Technology
y Improvement

Concepts : I Counter Advanced Submunitions

Counter Surprise / Rapid
Escalation

¢ Advanced Sensors
» Sensor Cueing
And Fusion

Negate Enemy Countermeasures

Enlarge Defended Areas

* Directed Energy
Boost Phase
Intercept

Expand Battle Space

Address Multiple Target
Complexes

sands of kilometers of space to a meter or less accuracy, image the target using a Laser Detection
And Ranging (LADAR) to support identification and discrimination, and destroy thrusting mis-
siles very early in their boost phase (=35,000 ft). The space based laser is the only major U.S.
technology under development that can provide global, 24 hour, early boost phase intercept of
both theater and strategic ballistic missiles. Analyses of these concepts have shown the SBL to be
the most capable boost phase intercept system, able to provide outstanding, cost effective perfor-
mance in both theater and national missile defense. The BMDO Directed Energy Program con-
tains most of this Nation’s High Energy Laser (HEL) research and development effort, and is
providing advanced technologies to emerging HEL programs in the Navy, Army and Air Force.

Kinetic energy weapons launched from manned and unmanned aircraft, using advanced, high-
speed boosters equipped with hit-to-kill interceptors, are another, potentially nearer term boost
phase intercept technology. A Boost Phase Intercept (BPI) system consists of an off board sensor
to provide launch detection and early track of athreat Theater Ballistic Missile (TBM). The track
file generated from this platform is then transmitted through atactical data network such asJTIDS
to alaunch platform flying in theater. The BPI missile can engage anywhere in the target's ascent,
whether in boost phase or after booster burnout during the longer ascent phase, but the latter fails
to negate the very important advanced submunition threat. The requirement for a BPI capability
has been codified by aformal Operational Requirements Document (ORD). Air launched kinetic
energy weapons have the potential to provide an early initial U.S. cagpability of boost phase inter-
cept.
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Interceptor technology includes exo- and endoatmospheric interceptors with high probability of
kill at lower cost, that also expands the battle space, enlarges defended areas, and overcomes sim-
ple countermeasures. The Interceptor Technology program develops advanced technology com-
ponents for kinetic energy weapons for incorporation into current or future interceptors. These
include high performance, low cost seekers, avionics, inertial units, divert control, fire control and
axial propulsion hardware. Advanced liquid fueled thrust-on-demand propulsion technology has
potential to achieve very high velocity with a lightweight (under 50 Ibs.) missile. Miniaturized
electro-optical sensorswill acquire the TBM target and provide terminal homing during the boost
phase of the missile flight. These propulsion and guidance subsystems incorporate technologies
previously developed for Lightweight Exoatmospheric Advanced Projectile (LEAP) and Brilliant
Pebbles, and other Service air-to-air missile programs. These components are integrated and
demonstrated in high performance miniature interceptors for exo- and endoatmospheric opera-
tions.

The Sensor Technology program plans and executes research and development in areas of phe-
nomenol ogy, discrimination and sensors to support increasingly effective ballistic missile defense
systems. The program develops components and demonstrates integration of these components
into validated sensors subsystem hardware. BMDO's sensor program ensures that there is a phe-
nomenology data base which includes natural/nuclear backgrounds for plumes and midcourse tar-
gets. It includes both active (laser and radar) and passive (infrared focal plane and cryocooler)
sensor technology. The sensor technology program will ensure the ability to have multi-sensor
detection and tracking capabilities that extend through the missile flight path, and the discrimina-
tion and identification to support assured targeting.

4.3 Program Overview

Figure 4-2 summarizes the current advanced technology plan. The program is structured in three
major segments - Kinetic Energy Ascent/Boost Phase Intercept, Directed Energy Boost Phase
Intercept, and Advanced Sensor Technology.

4.3.1 Kinetic Energy Boost Phase I ntercept (BPI)

This program is geared to develop and test (through demonstrations) component technologies
which directly support evolving airborne BPI concepts for the Air Force and the Navy. Manned
and unmanned weapon system and off board sensor concepts are being pursued with emphasis on
fighter aircraft concept demonstrations. Technology efforts will be focused on endoatmospheric
interceptors with backup post boost phase intercept capability, missile propulsion to achieve high
velocity flight profiles, platform integration and surveillance/sensor cueing.

The funding for this program is to advance and demonstrate focused technologies relevant to
intercepting Theater Ballistic Missiles (TBM). Proof-of-principle hit-to-kill demonstrations are
planned to validate the maturity of the technology to proceed into acquisition later in the decade.
High velocity interceptor missiles with kinetic kill capability will be flown on manned and
unmanned aircraft according to evolving Air Force and Navy requirements. The plan is to per-
form sufficient BPI demonstrations to warrant entering selected concepts into acquisition as early
asFY 1998. Preliminary program planning has commenced with the Services.
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Figure 4-2. Advanced Technology Schedule
FY 94 FY 95 FY 96 FY 97 FY 98 FY 99
Kinetic Energy
Navy LEAP BPI BPI KKV Aircraft Airborne BPI
BOOSt Phase Test Legacy Requirement Ground Tests Mods Demo Flight
Intercept Definition
. HABE Balloon HABE Passive HABE Active HABE Aim Point
Dlrected Energy Hi Alt Checkout Experiment Flights Experiment Experiment Flight
Flight
Boost Phase A A A
Intercept TA ZA
ALI Facility ALl ALl ALIHi DE Integrated DE Integrated
Beneficial Hardware Subsystem Power Experiment PDR Experiment CDR /
Occupancy On Bench Testing Tests Begin Fabrication
On Sensor Adaptive Sensor Fused LADAR/
Advan Ced ComDper;sosion Airborne Demo Passiv;e/mRoF Tech
Sensor Technology MWIR BTH Folded CO2 Fused LADAR /
Track Experiment LADAR Demo Passive Tech Demo
Optical Active / Sensor Fusion Active / Passive / RF
Passive Lab Demo Aircraft Integration
Algorithm Demo

The focus of the BPI effort will be to integrate existing operational and technology programsinto
a technology demonstration. The objective is to demonstrate the requisite technologies in a real
time operation at a scale size adequate to clearly establish operational utility and system integrity.
The demonstration is envisioned to culminate with operationally representative boost phase inter-
ceptsin 1998.

4.3.2 Directed Energy Boost Phase I ntercept

This program continues the process of integrating high-power chemical laser components and
technologies developed over the past 10 years specifically for the boost phase intercept mission.
In the Alpha Lamp Integration (ALI) experiment, the existing megawatt class Alpha laser, the 4
meter LAMP primary mirror, and beam alignment and control technologies are being integrated
for a ground demonstration of a complete high energy laser beam train. The Alpha program will
complete testing in FY 1995 and transfer the laser to the ALI integration experiment. ALI will
begin high-power testing in mid FY 1996. While not in afully operational system configuration,
ALl will demonstrate the integrated performance of near full scale SBL subsystems. ALI sub-
systems are, in fact, fully scalable and traceable to those required to destroy ballistic missiles dur-
ing their vulnerable boost phase, prior to their ability to deploy multiple chemical, biological, or
nuclear munitions.

Demonstration of all key, Acquisition, Tracking, Pointing and Fire Control (ATP-FC) technolo-
gies, added to the accomplishments of ALI, completes technologies required for space laser boost
phase intercept. These efforts demonstrate the required critical functions for all candidate
Directed Energy Weapons (DEW). These functions include acquiring, identifying, and prioritiz-
ing the targets to be engaged, precision tracking of each target, selecting and establishing the line-
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of-sight to the target aim point, holding the beam on the aim point, assessing the results, and rein-
itiating the sequence to engage a new target.

The ATP-FC program has three major thrusts: (1) component technology development; (2) field
tests of integrated components, and; (3) definition of ATP-FC concepts with proof-of-principle
testing of components that meet operational requirements. Component technology efforts are cur-
rently focused on demonstrating the high precision, inertial reference unit and the laser illumina-
tor needed for ATP. These components, in turn, support the field tests conducted as part of the
High Altitude Balloon Experiment (HABE). A series of field experiments with payloads on high
altitude balloon platforms will obtain critically needed phenomenology data and build upon tech-
nology base products to demonstrate all the tracking and functional integration needed to control
single target engagements. The Advanced DEW Active Precision Tracker (ADAPT) program
provides the concept definition efforts. ADAPT addresses the major tracking and pointing com-
ponent performance requirements and devel ops technologies for advanced ATP-FC.

In the near term, the ATP program will develop the component technology and the flight hardware
and that will be integrated in the HABE flights. From an altitude of 85,000 feet, the HABE inte-
grated ATP system will passively track missiles throughout the boost phase in FY 1996 and
actively track them in FY 1997. Following the fabrication of HABE hardware and software, the
ATP technology program will refocus on developing an operationally configured ATP subsystem,
defined under the ADAPT program.

Together, ALI and ATP successes will lead to a start on an operationally configured, fully inte-
grated ground demonstration of a high energy laser system with a planned Preliminary Design
Review (PDR) in FY 1997 and a Critical Design Review (CDR) in FY 1999. Construction of a
new facility to support this demonstration will beginin FY 1997 at a site yet to be determined.

In parallel, a number of efforts are developing additional promising HEL technologies with the
potential for significant cost, weight, and/or brightness improvement. They include uncooled
optics which provide significant weight reductions over conventionally cooled high-power optics,
shorter wavelength lasers which allow higher brightness systems or the use of a smaller diameter
beam director mirror, maintenance of beam quality with molecular rather than mechanical meth-
ods, and producibility improvements and decreased costs for large optics manufacturing.

4.3.3 Advanced Sensor Technology

This program is an evolutionary effort to improve below the horizon tracking of ballistic missiles
early in their trgjectory, improve interceptor seekers, and advance signal processing technigques
for efficient and definitive identification and discrimination. Development efforts will provide an
early emphasis on compact, adaptable, efficient passive Focal Plane Arrays (FPA) and precision
active optical ranger/illuminators. Integrated detection/signal processing demonstrations are
scheduled for FY 1996.

Thereafter, the program devel ops the next generation of sensing technology. Radar development
efforts will emphasize miniaturized, adaptive radar techniques. Resources will also be used to
develop multi-sensor data fusion and discrimination. Intermediate milestones address a building
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block approach of the system hardware and algorithm developments. Airborne testing of these
integrated technologies will begin in FY 1997. The ultimate objective will be achieved in a FY
1999 aircraft flight that will demonstrate fusion of sensor data from radar, Laser Detection And
Ranging (LADAR), and LWIR sensor with on board signal processing, tracking, and discrimina-
tion algorithms.

4.4  Innovative Science and Technology (1S&T)

The IS&T program is structured to make unique contributions to BMD by pursuing speculative,
high risk technologies that may enable a quantum leap in capability over that available from con-
ventional approaches. The IS& T program has two major thrusts. It conducts an applied research
program to provide seed funding to promising technol ogies and transition those technologies into
advanced technology demonstrators. In addition, it provides a means of transferring technology
to the private sector.

4.5 Technology Transfer and Dual Use

Much of the RDT&E pursued by the BMDO has broad application to meeting overall DoD needs
and potential for civil and civilian applications. A second important objective is, therefore, to
conduct a portion of the BMDO RDT&E efforts in a manner that enhances this technology trans-
fer. For eight years, the Office of Technology Applications (OTA) within BMDO has focused on
moving BMD technology out of the DoD and other Federal Laboratories and into the commercial
marketplace and other agencies. It has been amodel program, working closely with government,
universities, and industry. To date, the OTA program has observed that 23 spinoff companies, 114
new products, 155 patents, 125 ventures, and 7 cooperative research and devel opment agreements
are transferring BMD technology to civilian use.

Activities of BMDO’'s Small Business Innovative Research (SBIR) are a case in point. In FY
1993, eight small firms with missile defense technology as their centerpiece raised nearly $100
million of new capital in the marketplace. The BMDO investment in these firms through the
SBIR program totalled $12 million. Their current inferred valuation is over $500 million. Figure
4-3 lists BMDO RDT& E accomplishments and their dual use potential.

4.6  Significant Accomplishmentsin 1993

Some advanced technology accomplishments for 1993 are briefly highlighted. These accomplish-
ments are representative of BMDO's advanced technology program and illustrate the broad spec-
trum of activities required to support TMD.

The RAPTOR/TALON Program, which has recently been transferred from BMDO management,
has the objective of demonstrating critical technologies for an unmanned airborne weapon system
providing a boost phase intercept capability. During the initial flight test program of the Respon-
sive Aircraft Program For Theater Operations (RAPTOR) piston engine driven Unmanned Aerid
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Figure 4-3. BMDO RDT& E Accomplishments

Research Area And Accomplishments

Impact On BMDO Capabilities

Potential Military And Civilian Applications

Rocket Propulsion
« Miniaturization Thrust-On Demand
Pumped Propulsion Subsystem

Boost Phase Kill Capability From Airborne
Platforms Enabled With Agile, Lightweight
Interceptor

« Highly Agile Missiles For Air Warfare And
Other Applications

Sensors

« 256 x 256 HgCdTe Focal Planes
Manufacturable; 256 x 256 InSb Focal
Planes And Cryocooler Integrated With
Camera; Four New Detector Types

« Hunter's Trophy Underground Nuclear
Test

High Quality /Resolution Detection Of
Burning Rocket Engines (With 1 Meter
Aperature On Ground Can Detect Small
Rockets At 2,000 km); Major Weight And
Cost Reductions Achieved

Nuclear Hardness Of Various Sensor
Components Demonstrated As Near To
Meeting BMD System Needs

« Wide Range Of Civil Uses; InSh/Camera
Application Now On Commercial Market;
Capability And Cost Of Infrared Detection
Revolutionalized In Civilian Market (Home
Protection, Environmental Monitoring,
etc.)

« Nuclear Hardened Sensor Components
Have Wide Applicability DoD

Electronics
« Artificial Diamonds, Thin Film Diamond
Coatings

Optically Transmissive, Heat Resistant
Windows For High Velocity,
Endoatmospheric Interceptor Guidance
Systems; Radiation Harden, Rugged High
Performance Semiconductors

» Fostering A New U.S. Industry With
Potential $500 Billion Market; Thin Film
Diamond Coatings For Cutting Tools And
Bearings That Are Virtually Indestructible

Computers

« WASP - A Complete Computer On A 4-
Inch Silicon Wafer

« Artificial Neural Network (With NASA Jet
Propulsion Laboratories)

High-speed, Naturally Reconfigurable, Fault
Tolerant Processors

High-speed Image Recognition, Multiple
Target Tracking Weapon Control, Target
Assignment, etc.

* Lighter Weight, Enhanced Capability And
Reliability For NASA And Commercial
Spacecraft

Communications
< Highly Jam Resistant, Lightweight
Transceiver, 1 Gigabit Laser Comm

Jam Resistant, High Data Rate Satellite
Downlinks And Cross-links For BM/C3

* Beam Steering Techniques Applied To
Medical Radiation Equipment; AWACS To
AWACS Rapid Data Downloading At
Station Changes

Power

* A Solar Cell Technologies Space
Qualified; 30 Percent, Efficiencies (3X
Current Cells)

Cheaper, More Efficient Solar Power For
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Applications

Lethality
« Lethality Of Kinetic And Directed Energy
Weapons

Fundamental To Weapon Designs

* Methodology And Data Applicable To
Other DoD Weapons

Materials
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High Energy Laser Devices

« Multi-megawatt Laser Successfully
Tested In Lightweight Space
Configuration
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Ultra-high Reflectivity Coatings

Demonstrated Practical Design For High-
power Space Configured Weapon Laser For
Boost Phase Target Kill

Highly Loaded Optics Require No Cooling,
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« Potential For Other Space Laser Missions,
e.g. Counter-air

« Simplified Optics Designs For
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Acquisition, Tracking And Pointing (ATP)
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Vibration Control In Large Space
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Advanced Optics
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Laser Beams Wth High Bandwidth Active
Optics
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Active Optics Demonstrated
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Manufacturing Nonspherical Optics
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Airborne Laser Weapons
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«Commercial Manufacture Of Large Optical
Components
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Vehicle (UAV), it flew 17 successful missions validating flight control and navigation subsystem
performance. The modified four-cylinder piston engine that powers the aircraft has also demon-
strated high altitude performance in an altitude chamber up to 70,000 feet. The advanced "thrust-
on-demand" propulsion subsystem and guidance components for the Tactical Launch On Notice
(TALON) missile have been successfully tested in several strap down firings. Performance test-
ing of the miniaturized guidance components has provided confidence that the missile design
weight and performance goals can be met. A free flight rocket launch is planned for 1994
(ASTRID | experiment).

The Lightweight Exoatmospheric Projectile (LEAP) program advanced integrated interceptor
technologies to provide risk reduction for systems that could be deployed prior to the beginning of
the twenty-first century. LEAP technology insertion demonstrations using Navy STANDARD
missile systems continued with a successful flight test that validated a modified removable
shroud, gjection of an inert kinetic kill vehicle, improved ship system fire control modifications,
and missile flight environments. Two high altitude feasibility demonstrations of short-range
attack missiles for air-launched L EAP concepts were accomplished using both the B-1B and B-52
aircraft. The LEAP-3 mission was conducted at White Sands Missile Range with a LEAP kinetic
kill vehicle acquiring and tracking a warm body ballistic target. Advanced propulsion programs
achieved the first full-up static and hover tests of a solid divert interceptor projectile.

As aresult of full scale, high resolution sled tests and flight tests, BMDO analyzed the test data
and published the baseline lethality criteria for kinetic energy weapons, which established the
baseline for engagement conditions necessary for specified levels of kill of the threat ballistic mis-
sile warheads.

The maiden flight of the Single Stage Rocket Technology (SSRT) Delta Clipper Experimental
(DC-X) was successfully executed after less than two years and $60 million in development.
Subsequent flights of the DC-X expanded the flight envelope to increasing altitudes and flight
durations. These successes demonstrated the application of current technology to resolution of
high cost space launch through a single stage reusable rocket system designed around a minimal
operating crew and maintenance requirements. The DC-X has been transferred to the Advanced
Research ProjectsAgency (ARPA) for continued devel opment.

Long-lived spaceflight compatible cryogenic coolers have been developed for low temperature
infrared sensor operations. A cooling capability to 60 degrees Kelvin was achieved with a 95%
reliability design for an expected lifetime of over 10 years. Also fabricated and demonstrated was
aminiature, single stage turbine cooler operating at temperatures as low as 35 degrees Kelvin for
increased long infrared sensor performance. Very long wave infrared sensor arrays operating out
to 26 micrometers were fabricated and achieved nearly noise free gain, alowing for detection,
tracking and discrimination of very cold targets as well as increased range for standard warheads.

Integration and reproducible operation of the megawatt-class Alpha high-power laser with a high-
power beam control system and four-meter transmitting telescope continued with demonstration
of an uncooled, lightweight silicon mirror internal to the resonator. Uncooled optics with very low
absorptance coatings significantly decreased system's weight and complexity, and eliminated the
major source of beam jitter. Optical component temperature increases were demonstrated to be
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less than a degree during five high-powered laser tests. Surface diffraction gratings used for sam-
pling the outgoing wavefront on the center segment of the segmented four-meter-diameter trans-
mitting telescope primary mirror were tested and significantly surpassed specifications. Likewise,
uncooled single-crystal silicon optics for the fast-steering mirror and the diagnostic telescope
assembly's secondary mirror produced similar high performance results. Fabrication of a light-
weight, space compatible four-meter segment of an 11-meter-class beam expander telescope's
segmented primary mirror has been completed. The center segment has been formed, shaped, and
ground, and isready for final polishing. Four uncooled waxicon inner-cone size test articles were
fabricated as replica optics for an uncooled resonator, and have demonstrated an 0.8-2.0 nanome-
ter roughness figure, meeting the requirements for a totally uncooled resonator. This technology
also provides a growth path to still brighter systems.

The Space Integrated Controls Experiment (SPICE) completed a closed loop demonstration of
active control of structural disturbances in a large, lightweight space structure. Jitter rejection
ratios of 65:1 (ratio of base disturbance input to optical line-of-sight jitter) were achieved. Previ-
ous state-of-the-art rgjection ratio was 10:1 in any structural control experiment. The two axis
Inertial Pseudo-Star Reference Unit (IPSRU) has been fabricated, assembled and tested, compl et-
ing amaor step in demonstrating a high accuracy, three axis, flight qualifiable inertial reference
unit that will be used for ATP experiments. As an inertialy stabilized platform coupled with an
active servo system, the small lightweight reference unit can account for and reduce line-of-sight
pointing errorsin optical imaging systems. It has demonstrated stabilization to less than 100 nan-
oradians.

With an eye to the future when new technologies must replace today's technologies, BMDO
invested in research to find what is possible, mixing basic research with technology demonstra-
tions. Such research aims at shrinking the weight, power, and volume of antimissile technology, at
sensors that leapfrog the state-of-the-art in detecting hostile missiles, and at materials with
entirely new capabilities. In most cases these technologies will aso open new possibilities for
commercial dual use purposes.
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Chapter 5
Program Elements Descriptions And Funding

5.1 Introduction

This section provides details regarding the funding of BMDO sponsored programs and projects.
Theinformation is presented by funding Program Element (PE) and by project and program.

For FY 1994 five major program elements are used to integrate the ballistic missile defense
research and development efforts. For FY 1995, in response to the refocused priorities defined
through the Bottom-Up Review, eight magjor program elements are used. Two additional program
elements provide ballistic missile defense procurement and construction funding.

The single Theater Missile Defense program element, PE 0603216C, has been expanded to three
program elements. PE 0603216C which includes activities pertaining to advanced technology
development efforts; PE 0604216C which includes activities pertaining to systems design and
demonstration; and PE 0604225C which includes activities |eading to finalizing designs and vali-
dating manufacturing and production processes.

The Limited Defense System (PE 0603215C), Other Follow-on Systems (PE 0603217C), and
Spaced Based Interceptors (PE 0603214C) program elements have been consolidated into Ballis-
tic Missile Defense PEs corresponding to program development phase. PE 0603217C includes
those activities pertaining to ballistic missile defense advanced technology development; PE
0604217C includes those activities pertaining to demonstrating and validating technol ogies capa-
ble of supporting ballistic missile defense; and PE 0605217C includes those activities pertaining
to finalizing designs and validating manufacturing and production processes for technol ogies sup-
porting ballistic missile defense.

The Research and Support Activities program element (PE 0603218C), which included three cat-
egories of activities: Research, General Test and Evaluation, and Program Support, is now limited
to include only activities specifically associated with the oversight and management of ballistic
missile defense systems RDT&E.

Figure 5-1 summarizes the FY 1994 and the current program element descriptions.
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Figure 5-1.Program Element (PE) Descriptions

FY 1994 Program Elements

Current Program Elements

PE 0603216C: Theater Missile Defense which
included programs, projects, and activities (and sup-
porting programs, projects, and activities) which have
as a primary objective the development of deployable
and rapidly relocatable advanced theater missile sys-
tems.

PE 0603215C: Limited Defense System which
included programs, projects, and activities (and sup-
porting programs, projects, and activities) which have
as a primary objective the development of systems,
components, and architectures for a deployable
antiballistic missile system that is capable of provid-
ing a highly effective defense of the United States
against limited ballistic missile threats, including
accidental or unauthorized launches or third world
country attacks.

PE 0603216C: Theater Missile Defense (Advanced
Technology Development) which in-cludes programs,
projects, and activities tha have as a primary objec-
tive the development of technologies capable of sup-
porting systems, components, and architectures that
could produce highly effective defenses against the-
ater missile threats. Includes manpower authoriza-
tions and the associated costs specifically identified
and measured to the performance of these programs.

PE 0604216C: Theater Missile Defense (Demostra-
tion and Validation) which includes programs,
projects, and activities that have an objective of sys
tem design and demonstration of the critica pro-
cesses and technologies (early prototype) required for
systems that are capable of providing a highly effec-
tive defense against theater missile threats. Includes
manpower authorizations and the associated costs
specifically identified and measured to the perfor-
mance of these programs.

PE 0604225C: Theater Missile Defense (Engineering
and Manufacturing Development) which includes
programs, projects and activities that have an objec-
tive to mature and finalize selected system designs,
validate manufacturing and production process, test
and evaluate systems that are capable of providing a
highly effective defense against theater missile
threats. Includes manpower authorizations and the
associated costs specifically identified and measured
to the performance of these programs.

PE 0603217C: Ballistic Missile Defense (Advanced
Technology Development) which includes programs,
projects, and activities tha have as a primary objec-
tive the development of technologies capable of sup-
porting systems, components, and architectures that
could produce highly effective defenses. Includes
manpower authorizations and the associated costs
specifically identified and measured to the perfor-
mance of these programs.
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Figure5-1.(Cont’d) Program Element (PE) Descriptions

FY 1994 Program Elements

Current Program Elements

PE 0603214C: Space Based Interceptors which
included programs, projects, and activities which
have as a primary objective the conduct of research
on space based, kinetic kill interceptors, such as Bril-
liant Pebbles, that could provide an overlay to ground
based ABM interceptors.

PE 0603217C: Other Follow-on Systems which
included programs, projects, and activities which
have as a primary objective the development of tech-
nologies capable of supporting systems, components,
and architectures that could produce highly effective
defenses in the future.

PE 0603218C: Research And Support Activities
which contained three categories of activities:
Research; General Test and Evaluation; and Program
Support for activitiesin one or more of the other Pro-
gram Elements.

PE 0604217C: Balistic Missile Defense (Demonstra-
tion And Validation which includes programs,
projects, and activities that have as a primary objec-
tive the development of technologies capable of sup-
porting systems, components, and architectures that
could produce highly effective defenses. Includes
manpower authorizations and the associated costs
specificaly identified and measured to the perfor-
mance of these programs.

PE 0605217C: Bdlistic Missile Defense (Engineer-
ing And Manufacturing Development) which includes
programs, projects, and activities that have as a pri-
mary objective the development of technologies capa-
ble of supporting systems, components, and
architectures that could produce highly effective
defenses. Includes manpower authorizations and the
associated costs specifically identified and measured
to the performance of these programs.

PE 0602217C: Ballistic Missile Defense (Explor-
atory Development) which includes programs,
projects, and activities that have a primary objective
to explore innovative science and engineering and
Small Business Innovative Research for technologies
of interest to a ballistic missile defense objective.
Includes manpower authorizations and the associated
costs specifically identified and measured to the per-
formance of these programs.

PE 0603218C: Ballistic Missile Defense (RDT&E
Management Support) which provides for manpower
authorizations and the associated costs specifically
identified and measured to the oversight and manage-
ment of ballistic missile defense systems RDT&E.
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5.2 Program Element Funding Summary

The key activities funded by each program element and the level of funding planned for each is
provided in Figure 5-2. A summary reflecting funding by program and project, including the
aggregate of funds provided from previous years, is provided by Figure 5-3.

5.3 BUR Impact on Infrastructure and Support Funding

The extent of testing and simulation infrastructure and the level of engineering and technical anal-
yses has substantially changed as a result of the Bottom-Up Review (BUR) conducted in 1993.
The focus of these efforts has also shifted to primarily address Theater Missile Defense (TMD)
with National Missile Defense (NMD) activities continuing, albeit at a markedly reduced level.

Project 3101, which is a new project for FY 1994, consolidates Engineering and Integration Sup-
port activities previously managed under several separate projects. Overall, these activities were
reduced to approximately 30% of the FY 1993 levels and the FY 1994 efforts represent a transi-
tion year to focuson TMD.

The Architecture and Systems Analysis efforts managed under Projects 3201, 3202, 3203, 3206,
and 3211, although not reduced, have been refocused to TMD. Activities addressing NMD have
been reduced nearly 40% from FY 1993 levels and further reductions are planned in FY 1995 and
FY 1996.

The Testing and Simulation infrastructure is managed under Project 3300. Activities under this
new project, which also consolidates various existing projects into a single project, are reduced
nearly 30% from FY 1993 levels.

Finally, contractor consulting services have been reduced from FY 1993 levels. Specifically, FY
1994 Engineering and Technical Services are planned 15% lower than FY 1993 and expected to
decline an additional 20% in FY 1995. Overall, total contractor support will decline by 10% in
FY 1994 and FY 1995.

54 Technology Programs Tranferred From BMDO

Over the past few years, in compliance with Congressional direction and in consonance with the
recent Bottom-Up Review findings, the Department of Defense significantly restructured the fol -
low-on technology program for ballistic missile defense. BMDO has identified those programs
where transfer to another agency or service is appropriate. 1n 1993, BMDO (then SDIO) trans-
ferred responsibility for management and further development of the Airborne Laser to the Air
Force and the Free Electron Laser to the Army. BMDO has proposed that the Single Stage Rocket
Technology (SSRT) project be transferred to the Advanced Research Projects Agency and that the
TOPAZ Thermionic Space Nuclear Power Technology project and the Miniature Sensor Technol-
ogy Integration (MSTI) project be transferred to the Air Force. The Clementine residual hardware
is being transferred to the Navy with the recommendation that the Services continue to support
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Program Elements Descriptions And Funding

Figure5-2. Program Element Key Activities
(In Millions Of Then Year Dallars)
i . FY 1994* FY 1995** FY 1996
Project Number And Title Appropriated| Request | Programmed

RDT&E

PE 0602217C

Ballistic Missile Defense (Exploratory Devel opment)
1601 Innovative Science And Technology 42 60 60
1602 Small Business | nnovative Resear ch 32 46 47

Total 73 106 107

PE 0603216C

Theater Missile Defense (Advanced Technology Development)
1105 Discrimination 4 58 52
1106 Sensor Studies And Experiments 30 29 35
1201 Interceptor Component Technology 8 5 5
1215 Boost Phase/ Int / Exo 15 0 0
1216 Sea Based Theater Wide Defense 80 18 31
1501 Survivability 3 5 4
1502 Lethality And Target Hardening 29 33 29
1504 Material And Structures 1 0 0
2209 ACES 61 52 45
2212 CorpsSAM 20 18 31
3101 Engineering/ Integration Support 13 46 46
3201 Architecture And System Analyses 27 42 48
3202 Operations Interface 0 3 3
3300 Test And Evaluation Support 92 164 168
4000 Operational Support 11 8 18

Total 393 479 514

PE 0603217C

Ballistic Missile Defense (Advanced Technology Development)
1101 Passive Sensors 10 25 27
1102 Radar 2 10 9
1104 Signal Processing 7 7 12
1105 Discrimination 54 29 15
1106 Sensor Studies And Experiments 86 49 41
1110 Sensor Integration 25 0 0
1111 Advanced Sensor Technology 37 48 48
1201 Interceptor Component Technology 12 23 29
1204 Interceptor Studies And Analysis 6 0 0
1209 Endoatmospheric Technology 3 0 0
1212 D-2HVG Projectile 5 0 0
1214 Advanced Interceptor Technology 15 0 0
1215 Boost Phase/ Int / Exo 16 61 65
1217 KKV Technology 57 120 113
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Program Elements Descriptions And Funding

Figure5-2. (Cont'd) Program Element Key Activities
(In Millions Of Then Year Dollars)

. . FY 1994* FY 1995** FY 1996
Project Number And Title Appropriated| Request | Programmed
RDT&E (Cont'd)
PE 0603217C
Ballistic Missile Defense (Advanced Technology Development)
1302 Chemical Laser 54 78 78
1303 Neutral Particle Beam 7 0 0
1305 ATP/FC 6 13 13
1307 Directed Energy Demonstration 2 0 0
1403 Computer Engineering 0 3 0
1405 Communications Engineering 2 1 0
1501 Survivability 3 3 3
1502 Lethality And Target Hardening 1 0 0
1503 Power And Power Conditioning 7 10 10
1504 Material And Structures 6 7 11
1700 Flight Test / Launch Activities 43 0 0
2104 GBR 25 8 11
2300 BM/C3 Technology 23 57 59
3101 Engineering/ Integration Support 29 19 19
3107 Environment, Siting And Facilities 6 6 6
3201 Architecture And System Analyses 11 8 8
3202 OperationsInterface 4 2 2
3203 Intelligence Threat Development 8 8 8
3204 Counter measures I ntegration 16 18 18
3206 System Threat 7 7 7
3300 Test And Evaluation Support 187 103 83
4000 Operational Support 43 48 48
4302 Technology Transfer 3 3 3
Total 829 770 743
PE 0604216C
Theater Missile Defense (Demonstration And Validation)
2104 GBR 234 173 157
2207 PATRIOT 81 69 31
2208 ERINT 97 58 20
2210 THAAD 435 496 457
2213 SeaBased Area TBMD 154 180 240
2308 HAWK System BM/C3 M odifications 30 27 23
3211 C4I Concepts 13 34 20
3300 Test And Evaluation Support 38 35 38
Total 1,080 1,071 986




Program Elements Descriptions And Funding

Figure5-2. (Cont'd) Program Element Key Activities
(In Millions Of Then Year Dollars)

FY 1994* FY 1995** FY 1996

Project Number And Title Appropriated| Request | Programmed

RDT&E (Cont'd)

PE 0604217C
Ballistic Missile Defense (Demonstration And Validation)
2102 Space And Missile Tracking System 0 120 150
(Formerly Brilliant Eyes)
Total 0 120 150
PE 0604225C
Theater Missile Defense (Engineering And Manufacturing
Devel opment)
2104 GBR 0 0 10
2207 PATRIOT 42 217 206
3211 C*I Concepts 0 1 16
Total 42 218 232
PE 0603218C
Ballistic Missile Defense (RDT& E Management Support)
4000 Operational Support 199 215 223
Total 199 215 223
MILCON
PE 0603218C
Ballistic Missile Defense
3107 Environment, Siting And Facilities 3 1 3
Total 3 1 3
Procur ement
PE 0208060C
Theater Missile Defense
2207 PATRIOT 121 255 436
2213 SeaBased Area TBMD 0 14 11
2308 HAWK System BM/C 3 Modifications 0 4 5
Total 121 273 452

* FY 1994 Funding Appropriated Into Four Major Program
Elements. Column Reflects Realignment To Correspond
With Current Program Elements

** President's Budget Request
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Program Elements Descriptions And Funding

Figure 5-3. Current Projects Funding Profile
(In Millions Of Then Year Dallars)

Funds
. . FY 1994 FY 1995* FY 1996
Project Number And Title Through Appropriated] Request Programmed
FY 1993
1101 Passive Sensors 472 10 25 27
1102 Radar 125 2 10 9
1104 Signal Processing 553 7 7 12
1105 Discrimination 1,179 58 88 67
1106 Sensor Studies And Experiments 1,245 116 77 76
1110 Sensor Integration 75 25 0 0
1111 Advanced Sensor Technology 0 37 48 48
1201 Interceptor Component Technology 548 20 28 34
1204 Interceptor Studies And Analysis 670 6 0 0
1209 Endoatmospheric Technology 73 3 0 0
1212 D-2HVG Projectile 16 5 0 0
1214 Advanced I nterceptor Technology 0 15 0 0
1215 Boost Phaselnt / Exo 0 31 61 65
1216 SeaBased Theater Wide Defense 0 80 18 31
1217 KKV Technology 0 57 120 113
1302 Chemical Laser 881 54 78 78
1303 Neutral Particle Beam 815 7 0 0
1305 ATP/FC 1,429 6 13 13
1307 Directed Energy Demonstration 21 2 0 0
1403 Computer Engineering 5 0 3 0
1405 Communications Engineering 35 2 1 0
1501 Survivability 581 6 8 7
1502 Lethality And Target Hardening 516 30 33 29
1503 Power And Power Conditioning 527 7 10 10
1504 Material And Structures 184 6 7 11
1601 Innovative Science And Technology 688 42 60 60
1602 Small Business Innovative Resear ch 260 32 46 47
1700 Flight Test / Launch Activities 201 43 0 0
2102 Space And Missile Tracking System 646 0 120 150
(Formerly Brilliant Eyes)
2104 GBR 543 259 181 178
2207 PATRIOT 330 244 542 672
2208 ERINT 276 97 58 20
2209 ACES 118 61 52 45

* President's Budget Request
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Program Elements Descriptions And Funding

Figure 5-3. (Cont'd) Current Project Funding Profile
(In Millions Of Then Year Dollars)

Funds
. . FY 1994 FY 1995* FY 1996
Project Number And Title Through ;
FY 1993 Appropriated| Request Programmed
2210 THAAD 348 435 496 457
2212 Corps SAM 45 20 18 31
2213 Sea Based Area TBMD 65 154 194 252
2300 BM/C3 Technology 776 23 57 59
2308 HAWK System BM/C3 M odifications 0 30 31 28
3101 Engineering/ Integration Support 559+** 42 65 65
3107 Environment, Siting And Facilities 29 9 7 9
3201 Architecture And System Analyses 200 38 50 56
3202 Operations I nterface 45 4 4 4
3203 Intelligence Threat Development 86 8 8 8
3204 Countermeasures I ntegration 147 16 18 18
3206 System Threat 24 7 7 7
3211 C*1 Concepts 23 13 34 36
3300 Test And Evaluation Support 2,553** 316 302 289
4000 Operational Support 1,918 253 271 288
4302 Technology Transfer 10 3 3 3

* President's Budget Request
** Consolidation Of Former Projects
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the Clementine space-rated component and flight qualification project. The RAPTOR Unmanned
Aerial Vehicle (UAV) program will be transferred to the Defense Aeronautical Reconnaissance
Office. Management of the Hypervelocity Gun Projectile project residual assets will be trans-
ferred to the Army. BMDO also recommends that Neutral Particle Beam project residual assets
be transferred to the Department of Energy. As aresult of these transfers, only those programs
that either directly support future TMD and NMD system developments, or hold significant prom-
ise for advanced BMD systems, remain under the management responsibility of BMDO.
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Chapter 6
ABM Treaty Compliance

6.1 I ntroduction

The 1972 Anti-Ballistic Missile (ABM) Treaty addresses the development, testing, and deploy-
ment of ABM systems and components. The Administration reaffirmed the traditional, or the nar-
row interpretation of theABM Treaty in aJuly 13, 1993 letter to Congress. It should be noted that
use of the word "research" does not appear in the ABM Treaty and research is not constrained by
the treaty. Neither the United States nor the Soviet delegation to the Strategic Arms Limitation
Talks (SALT 1) negotiations chose to place limitations on research, and the ABM Treaty makes no
attempt to do so. The United States has traditionally distinguished "research" from "develop-
ment" as outlined by then-U.S. delegate Dr. Harold Brown in a 1971 statement to the Soviet
SALT | delegation. Research includes, but is not limited to, concept design and laboratory test-
ing. Development follows research and precedes full-scale testing of systems and components
designed for actual deployment. Development of a weapon system is usually associated with the
construction and field testing of one or more prototypes of the system or its major components.
However, the construction of a prototype cannot necessarily be verified by national technical
means of verification. Therefore, in large part because of these verification difficulties, the ABM
Treaty prohibition on the development of sea based, air based, space based, and mobile land based
ABM systems, or components for such systems, applies when a prototype of such a system or its
components enters the field testing stage.

6.2 Existing Compliance Process For BMDO

The Department of Defense (DoD) has in place an effective compliance process (established with
the SALT | agreements in 1972) under which key offices in DoD are responsible for overseeing
BMD compliance with all the United States arms control commitments. Under this process, the
Ballistic Missile Defense Organization (BMDO) and DoD components ensure that the imple-
menting program offices adhere to DoD compliance directives and seek guidance from offices
charged with oversight responsibility.

Specific responsibilities are assigned by DoD Directive 2060.1, July 31, 1992, "Implementation
of, and Compliance With, Arms Control Agreements’. The Under Secretary of Defense (Acquisi-
tion & Technology), USD(A&T), ensures that all DoD programs are in compliance with the
United States arms control obligations. The Service Secretaries, the Chairman of the Joint Chiefs
of Staff, and agency directors ensure the internal compliance of their respective organizations.
The DoD Genera Counsel provides advice and assistance with respect to the implementation of
the compliance process and interpretation of arms control agreements.

DoD Directive 2060.1 establishes procedures for ensuring the continued compliance of all DoD
programs with existing arms control agreements. Under these procedures, questions of interpreta-
tion of specific agreements are to be referred to the USD(A&T) for resolution on a case-by-case
basis. No project or program which reasonably raises a compliance issue can enter into the test-
ing, prototype construction, or deployment phase without prior clearance from the USD(A&T). If
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such a compliance issue is in doubt, USD(A&T) approval is sought. In consultation with the
office of the DoD Genera Counsel, Office of the Under Secretary of Defense (Policy), and the
Joint Staff, USD(A&T) applies the provisions of the agreements as appropriate. DoD compo-
nents, including BMDO, certify internal compliance periodically and establish internal proce-
dures and offices to monitor and ensure internal compliance.

In 1985, the United States began discussions with allied governments regarding technical cooper-
ation on BMD research. To date, the United States has concluded bilateral BMD research Memo-
randa of Understanding (MOU) with the United Kingdom, Germany, Isragl, Italy, and Japan. All
such agreements will be implemented consistent with the United States' international obligations
including the ABM Treaty. The United States has established guidelines to ensure that all
exchanges of data and research activities are conducted in full compliance with the ABM Treaty
obligations not to transfer to other states ABM systems or components limited by the Treaty, nor
to provide technical descriptions or blueprints specially worked out for the construction of such
systems or components.

6.3 BMDO Experiments

All BMDO field tests must be approved for ABM Treaty compliance through the DoD compli-
ance review process. The following major programs and experiments, all of which involve field
testing, have been gpproved and are to be conducted during the remainder of FY 1994 and FY
1995: flights throughout FY 1994-1995 in the Airborne Surveillance Test Bed (AST) program, a
revision of the Airborne Optical Adjunct project; Navy LEAP (Lightweight Exoatmospheric Pro-
jectile) FTV-TD; SRAM (Short Range Attack Missile) LEAP flight tests 3-4; High Altitude Bal-
loon Experiments (HABE); Extended Range Interceptor (ERINT) program flight experiments; the
Midcourse Space Experiment (MSX); AEGIS SPY-1 radar and Standard Missile (SM-2 Block 1V)
modifications; HAWK and AN/TPS-59 radar upgrades; Skipper; RAPTOR Unmanned Aeria
Vehicle (UAV) D-1 platform testing; the Pathfinder Solar Electric aircraft Test Platform (SETP) in
the RAPTOR project; Miniature Sensor Technology Integration (MSTI) Satellite Development
Program M ST -3; the Patriot PAC-3 system (with either the Multimode or ERINT missile); Bril-
liant Eyes Flight Demonstration System (FDS) and the Israeli Arrow interceptor development
program known as the Arrow Continuation Experiments (ACES) was provided compliance guid-
ance.

In addition, the following data collection activities continue to be approved: High Altitude Obser-
vation aircraft (HALO and ARGUYS); Cobra Judy; Godiva; Cobra Ball; TMD Critical Measure-
ments Program (TCMP); Rapid Optical Beam Steering (ROBS) System (formerly called the
Transportable LADAR System); Deep Space Program Experiment (Project Clementine Flight I);
and Countermeasures Skunkworks flight tests SM 1-3. The following project has been approved
but isnot funded for FY 1994-1995: Red TigressI11. The System Integration Tests (SITs) planned
for the future uses data collected by a variety of sensor systems for ssmulation and integration
planning purposes; follow-on SITs will be examined for Treaty compliance as their experiments
are better defined.

The following project has approved activities that are not considered to be in field testing: Alpha/
LAMP Integration; and the High Energy Laser System Test Facility (HELSTF) experiments and
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data collection activities. Also, the National Test Bed including the Experiment Control Center
(CERES) has been determined to be compliant with the ABM Treaty.

The following target development projects have been approved: Strategic Target System
(STARS); Operational and Developmental Experiments Simulator (ODES); STORM Ballistic
Tactical Target Vehicle (BTTV) and Maneuvering Tactical Target Vehicle (MTTV) flights (for-
merly called the ERINT Target System development project); and the HERA "B" target vehicle.
All BMDO launches are reviewed for compliance with the research and devel opment launch pro-
visions of the 1987 Intermediate-Range Nuclear Forces Treaty. Such launches will be notified to
the Nuclear Risk Reduction Center of the former Soviet Union as required.

Changes to the above approved experiments and programs are required to be reviewed for com-
pliance implications.

The following programs, some of which have not been sufficiently defined for compliance review,
are not yet approved: Navy LEAP FTV 3-4; Short Range Attack Missile (SRAM) LEAP flight
tests 5-9; Theater High Altitude Area Defense (THAAD) interceptor; Theater Missile Defense-
Ground Based Radar (TMD-GBR); Corps SAM; MSTI-Pave Paws Integration Experiment and
the RAF Fylingdales BMEWS Tracking Experiment; Exoatmospheric Kill Vehicle (EKV) early
flight tests (FY 1995-1997) (formerly the Ground Based Interceptor): and AWACS EAGLE.

As required by the National Defense Authorization Act for Fiscal Year 1994, DoD submitted
ABM Treaty compliance review reports on the following systems. Theater High Altitude Area
Defense (THAAD) system; Theater Missile Defense-Ground Based Radar (TMD-GBR); Brilliant
Eyes, AEGIS AN/SPY-1 radar, Standard Missile-2 Block IVA; PATRIOT Multimode Missile,
and the ERINT missile.

We are planning to develop and deploy theater/tactical missile defense systems to counter the pro-
jected threat to our forces abroad and to our alies. Currently the Administration is negotiating in
the ABM Treaty Standing Consultative Commission a proposa to clarify the demarcation
between ABM and non-ABM systems. The Adminstration’s objective is to permit development
and deployment of highly effective TMD systems capable of countering the modern tactical bal-
listic missile threat, consistent with the ABM Treaty’s limits on defense against strategic ballistic
missiles.
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Chapter 7
| nter national Coordination And Consultation

7.1 Introduction

To address the security challenges posed by ballistic missiles and weapons of mass destruction,
the Department of Defense (DOD) has refocused priorities guiding the ballistic missile defense
program. The highest priority is assigned to the development and deployment of TMD systems to
meet the present and growing threat from ballistic missilesto U.S. forward-deployed forces, alies
and friends. In developing its missile defense program, the U.S. will be looking to cooperate in
the development and deployment ot theater defenses with many of its allies and friends who share
the problem arising from the proliferation of ballistic missiles.

7.2 Allied Consultations and Participation in Ballistic Missile

Defense Programs

The Department of Defense (DoD) approach to allied participation in the research, devel opment,
and acquisition of ballistic missile defense (BMD) systems has evolved from the concerted activ-
ities beginning in 1985 to consult with friends and allies as part of the former Strategic Defense
Initiative (SDI) and to have them participate directly in the Program’s technology developments
consistent with U.S. laws, regulations, polices and international obligations. This process to
involve allies and friends in U.S. ballistic missile defense programs gained increased impetus
when then Secretary of Defense Aspin restructured and renamed the program, giving priority to
Theater Missile Defense (TMD). Further, the Ballistic Missile Defense Organization (BMDO)
has been given specific direction from the Secretary of Defense to acquire and field TMD systems
before the turn of the century to protect U.S. deployed forces, friends and alies.

NATO has agreed that missile defenses are a part of the solution to the risks posed by ballistic
missile proliferation. Recognizing the budget reductions ahead and that there is a commonality of
interest among allies and friends regarding the need for missile defenses, the Administration has
given high priority to armaments cooperation in this area. At minimum, a strong need is recog-
nized for interoperability of missile defenses among allies and friends, and more importantly,
there are opportunities for research and development (R& D) on BMD systems and technology.

The Congress has also recognized the importance of involving allies and friends in BMD pro-
grams, specificaly, in TMD. Inthe FY 1994 National Defense Authorization Act, allied nations
are encouraged to participate, or increase participation in cooperative U.S. TMD programs, partic-
ularly those nations that would benefit the most from deployment of such systems. The Congress
has directed that the DoD should develop a plan to coordinate development and implementation
of U.S. TMD programs with allies to avoid duplication, increase interoperability, and reduce cost.
Further, the Congress directed that areport of the plan be submitted to Congress that will set forth
the status of discussions and contributions to TMD cooperation by friends and allies. The report
of the plan will be submitted separately from this report. Another report pertaining specifically to
the Israeli Arrow system is also being submitted separately.

7-1



International Coordination And Consultation

The current Administration has given high priority to arenewal of the spirit of armaments cooper-
ation. A strong need is also recognized within the Department of Defense for interoperability of
missile defenses among allies and friends, and for cooperative R&D on BMD systems and tech-
nology. Regarding NATO, the Secretary of Defense has stated that the U.S. support for TMD isin
line with the Alliance strategic concept which recognizes missile defenses are a part of the solu-
tion to the risks posed by ballistic missile proliferation. He indicated that the U.S. believesit is
time to begin discussions with NATO allies collectively on the potential for cooperation in TMD.

Recognizing the need for TMD cooperation in NATO, the Conference of National Armaments
Directors (CNAD) at their meeting in October 1993, agreed to establish an Extended Air Defense/
Theater Missile Defense Ad Hoc Working Group (EAD/TMD AHWG). The AHWG, chaired by
the U.S., is comprised of delegates from the United Kingdom, Germany, Italy, Canada, The Neth-
erlands, and France. The Group's objective is to define future opportunities and methods of col-
laboration in the area of TMD. The AHWG agreed to capitalize on the considerable work in the
area of TMD aready performed by NATO nations. Specific TMD areas being considered for col-
|aboration are early warning, BM/C3, and weapon systems.

The U.S. and Japan have initiated a TMD working group to discuss possible future Japanese
involvement in the program. Japan has produced the PATRIOT PAC-1 missile system since 1985,
and will field PATRIOT PAC-2 beginning in 1995. Thefirst of Japan's four planned AEGIS-Class
destroyers is operational. The Secretary of Defense has offered Japan the opportunity to cooper-
ate in TMD via codevelopment, coproduction, or licensed production; alternatively, Japan may
later purchase new systems off the shelf.

7.3 Major Allied Activities Past and Present

A summary of mgjor contracts, subcontracts and programs covered by international agreements
with firms and government research establishments between October 1985 to the present which
contribute to missile defense research and development are as follows:

» France: Sensors, Theater Defense Architectures, Free Electron Lasers, Klystrons,
Rocket Propulsion Components And Casings, Extended Air Defense Simulations;

* Germany: Pointing/Tracking, Optics, Lethality and Target Hardening, Electron
Lasers, Theater Defense Architectures, Infrared Phenomenology, Discussions on
Extended Air Defense Test Bed;

» lsrael: Electrochemical Propulsion, Magnetohydrodynamics, Shortwave Chemi-
cal Lasers, ATBM Interceptors (ARROW), Test Bed, Theater Defense Architec-
tures, ARROW Continuation Experiments (ACES), Test Bed Experiments;

» Japan: Superconducting Magnetic Energy Storage, Josephson Junction Micropro-
cessor, Diamond Optics, Electric Propulsion, Western Pacific Architecture Study;
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